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MEMORANDUM 

To:  Members  of  the  Subcommittee  on  Aviation 

From:  Committee's  Aviation  Staff 

Date:  July  26,  1993 

Re:  Summary  of  subject  matter  for  Aviation  Subcommittee  hearing 

on  Future  Uses  of  SateUite  Technology  in  Aviation,  July  28, 

1993. 
The  Subcommittee  will  receive  testimony  on  the  future  uses  of 
satellite  technology  in  the  aviation  system,  the  potential  benefits  of 
this  technology,  the  adequacy  and  timing  of  government  and  indus- 
try programs  for  furthering  the  development  of  satellite  technology, 
and  the  policy  choices  facing  government  and  industry  as  satellites 
are  brought  into  the  aviation  system. 

I.  BACKGROUND 

Any  changes  to  the  aviation  system  brought  about  by  satellite 
technology  will  certainly  come  incrementally,  but  a  consensus  is  de- 
veloping in  the  world's  aviation  community  that  the  changes  that 
could  come  about  could  be  relatively  swift  and  very  far-reaching. 
Some  observers  look  upon  satellite  technology  as  a  "shift  in  the 

Earadigm"  upon  which  the  aviation  system  is  built;  that  is,  it  would 
e  a  change  similar  in  magnitude  to  instituting  radio,  radar,  the 
civil  jet  engine,  or  automatic  data  processing  to  the  aviation  sys- 
tem. 

Also  generating  interest  and  excitement  in  the  potential  of  sat- 
elHte  technology  is  the  fact  that  the  technology  that  aviation  would 
use  is  largely  developed,  in  place,  understood,  and  already  in  use 
for  primarily  non-aviation  applications.  This  is  not  technology  still 
on  the  drawing  board  or  a  gleam  in  an  engineer's  eye. 

Last  month,  the  Space  Shuttle  delivered  the  final  Global  Posi- 
tioning System  (GPS)  satellite  into  orbit  for  the  Department  of  De- 
fense providing  a  full  constellation  of  24  satellites.  GPS  has  been 
an  ongoing  program  of  the  Department  of  Defense  to  provide  pre- 
cise navigation  for  ships,  aircraft,  trucks,  and  soldiers.  GPS,  even 
before  it  was  fully  deployed,  was  used  extensively  and  successfully 
in  the  war  with  Iraq  in  1991. 

GPS  is  owned  and  operated  by  the  Department  of  Defense,  but 
the  signals  can  be  received  and  used  by  anyone  with  a  GPS  re- 
ceiver, which  is  typically  the  size  of  a  large  hand  held  calculator. 

GPS  receivers  can  be  bought  by  ordinary  individuals  for  just  a 
few  hiindred  dollars  out  of  catalogues  and  consumer  electronics 
stores.  Use  of  GPS  by  trucking  companies,  rail,  ambulance  services, 
and  commercial  and  recreational  boating  is  becoming  ubiquitous. 
New  applications  for  GPS  are  being  introduced  rapidly. 

GPS  relies  on  a  constellation  of  satellites  that  transmit  signals 
enabhng  a  civil  receiver  on  the  ground  or  in  the  air  to  calculate  the 
exact  distance,  to  an  accuracy  of  approximately  100  meters  in  the 
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horizontal  plane  and  300  meters  in  the  vertical  plane,  that  the  re- 
ceiver is  from  the  satellite.  Positions  are  calculated  by  a  receiver 
measuring  the  time  a  signal  from  a  group  of  satellites  takes  to 
reach  the  receiver.  The  receiver  translates  the  time  measurement 
into  a  distance  from  the  satellites.  Through  a  triangulation-type 
calculation  these  measurements  are  further  translated  into  lati- 
tude, longitude,  altitude,  and  speed  of  movement. 

II.  POTENTIAL  OF  SATELLITES  FOR  AVIATION 

A  report  issued  last  September  by  a  Radio  Technical  Commission 
on  Aeronautics  (RTCA)  task  force  foimd  the  implementation  of  a 
global  navigation  satellite  system  would  provide  benefits  and  op- 
portunities to  aviation  into  two  broad  areas: 

A  significant  improvement  in  the  accuracy  and  timeliness  of  air- 
craft position  information  everywhere  in  the  world;  and 

A  fundamental  change  in  how  aircraft  operations  and  associated 
procedures  are  managed. 

The  following  specfiic  benefits  and  opportunities  have  been  iden- 
tified. 

The  abiUty  to  determine  aircraft  positions  to  an  initial  accuracy 
of  at  least  100  meters  can  now  be  accomplished  routinely  anywhere 
in  the  world.  With  fiirther  improvements  and  augmentations,  accu- 
racy can  l^ely  be  improved  to  a  few  meters  in  both  the  horizontal 
and  vertical  planes.  Current  ground  based  technology  can  be  inac- 
curate up  to  hundreds  of  meters  in  some  circumstances.  Over  the 
oceans,  position  accuracy  is  even  lower  because  there  is  no  radar 
coverage.  Today  accuracy  is  measured  over  the  oceans  in  terms  of 
miles. 

The  improved  accuracy  of  determining  positions  by  satellites 
would  permit  the  safe  reduction  of  aircraft  separation  standards, 
particularly  over  the  oceans.  Because  of  current  inaccuracies,  air- 
craft operating  over  the  oceans  are  provided  a  bubble  of  airspace 
50  miles  in  diameter.  Closer  spacing  would  reduce  delays  and  im- 
prove efficiency.  Aside  from  using  satellites  for  navigation,  satellite 
communications  have  been  tested  as  a  means  to  transmit  on-board 
position  readings  to  air  traffic  controllers.  This  approach  has  come 
to  be  known  as  Automatic  Dependent  Surveillance  (ADS)  and  ap- 
pears to  hold  promise  particularly  over  the  ocean. 

Generally,  it  is  expected  that  satellite  navigation  will  permit 
more  direct  flight  paths,  thus  reducing  flight  time  and  fuel  con- 
sumption. Aircraft  today  typically  operate  over  flyways  between 
ground  based  navigation  facihties.  Flight  segments  between  these 
facilities  typically  do  not  line  up  in  straight  lines. 

Many  parts  of  the  world  have  little  or  no  groimd-based  naviga- 
tion system  for  aviation.  Satelhtes  can  provide  very  accurate  navi- 
gation in  these  areas  with  no  need  to  build  costly  navigation  infra- 
structure on  the  ground.  As  an  example,  a  staffer  of  the  Aviation 
Subcommittee,  on  a  personal  vacation,  piloted  an  aircraft  over  a 
very  remote  area  of  Bolivia  that  appeared  as  white  imcharted  terri- 
tory on  her  aeronautical  chart.  Using  a  GPS  receiver,  she  was  able 
to  find  a  particular  remote  str^>  in  a  new  National  Park  himdreds 
of  miles  from  where  she  took  off. 

Satellite  based  navigation  would  permit  more  varied  and  complex 
approaches  in  termingd  areas.  It  is  generally  assumed  that  satellite 
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technology  can  provide  non-precision  approaches  to  airports, 
(meaning  it  could  put  the  aircraft  in  close  proximity  to  an  airport, 
but  not  be  able  to  guide  the  aircraft  all  the  way  to  the  ground  by 
instruments).  With  modifications,  it  is  also  generally  assumed  that 
precision  approaches  with  satellites  will  also  be  possible.  (Ptecision 
approaches  are  those  assisted  by  instruments  in  low  or  no  visibility 
situations).  Presently  precision  approaches  are  made  using  instru- 
ment landing  systems  (XLS)  which  require  aircraft  to  line  up  at  a 
particular  fix  several  miles  fi-om  a  runwajr's  end.  Satellites  would 
create  airspace  capacity  by  enabling  aircraft  to  approach  the  run- 
way fi*om  a  variety  of  points  and  angles  to  the  runway.  Microwave 
landing  systems  can  provide  this  capability,  too,  but  MLS  brings  no 
other  benefits  to  the  system.  The  aviation  community  has  lost  en- 
thusiasm for  MLS  and  believes  the  program  should  be  dramatically 
scaled  back. 

Further,  satellite-based  navigation  could  obviate  the  cost  of  full 
implementation  of  the  FAA's  microwave  landing  system  (MLS)  pro- 
gram. FAA  presently  plans  to  establish  microwave  landing  systems 
at  over  1,000  runway  ends  at  a  cost  of  over  $1  billion.  Satellite 
navigation  with  precision  approach  capabilities  could  result  in  a 
similar  savings. 

Satellite  technology  could  eventually  eliminate  the  need  for  a 
large  number  of  ground-based  navigation  aids.  Current  en  route 
and  terminal  navigation  systems  consist  of  thousands  of  individual 
beacons  and  transmitters,  much  of  which  are  quite  antiquated 
technologically.  Eliminating  this  equipment  would  save  millions  of 
dollars  a  year  in  maintenance  and  upgrading  expenses. 

If  satellite  navigation  technology  comes  into  widespread  use, 
other  on  board  navigation  systems  could  be  replaced,  saving  instal- 
lation and  maintenance  costs  as  well  as  weight.  Training  on  these 
different  systems  could  be  eliminated  as  well. 

SpeciaHzed  aviation  services,  such  as  off  shore  oil  operations  and 
medieval  evacuation  services,  could  benefit  with  improved  and 
more  accurate  navigation. 

The  accuracy  of  satellite  navigation  could  be  used  to  improve  the 
safety  of  ground  operations  and  thereby  prevent  runway  incursions 
and  accidents.  Control  of  non-aircraft  ground  vehicles  could  also  be 
improved. 

Standard  separation  of  pgirallel  runways  in  instrument  condi- 
tions would  be  safely  lessened  using  satellite  navigation,  thereby 
enhancing  capacity  at  a  number  of  major  airports. 

Some  observers  have  theorized  a  concept  of  the  "autonomous  air- 
craft"; that  is  an  aircraft  that  operates  in  the  airspace,  largely  fi'ee 
of  any  air  traffic  control.  An  aircraft  with  a  highly  accurate  sat- 
ellite navigation  system  and  advanced  collision  and  avoidance 
equipment  could  operate  "autonomously,"  flying  when  and  where  it 
wanted  to,  except  to  be  metered  in  or  out  of  an  airport.  If  this  were 
ever  to  come  into  being,  the  cost  savings  to  the  government  and  in- 
dustry would  be  in  the  billions  of  dollars  annually. 

III.  ISSUES  AND  PROBLEMS  THAT  NEED  TO  BE  ADDRESSED 

While  the  use  of  satellite  technology  appears  to  be  upon  us,  there 
are  a  number  of  significant  issues  and  problems  that  must  be 
worked  through  and  resolved  before  many  of  the  potential  benefits 


of  satellite  technology  are  actually  realized.  Some  of  the  issues  are 
technical,  but  these  appear  to  be  fairly  well  understood  by  the  avia- 
tion commiuiity  and  resolvable  from  a  technical  standpoint.  Other 
issues  are  more  difficult  because  they  involve  changing  the  way 
large  bureaucratic  institutions  in  government  and  industry  do  busi- 
ness. 

While  the  GPS  system  provides  a  great  enhancement  to  the  accu- 
racy of  en  route  positioning  and  navigation,  it  is  not  accurate 
enough  to  provide  for  a  precision  approach  in  low  visibility  condi- 
tions. The  reason  for  this  shortcoming  is  that  accuracy  is  a  function 
of  the  number  of  satellites  involved  in  the  position  determination. 
The  present  constellation  is  configured  to  provide,  at  most,  four 
'Sdsible"  satellites  to  a  GPS  receiver  at  any  one  time.  In  order  to 
get  the  accuracy  required  for  precision  approaches,  either  more  sat- 
ellites will  be  needed  or  other  measures  will  be  needed  to  augment 
the  existing  of  satellites. 

One  possibility  would  be  to  use  an  existing  accuracy  refinement 
already  available  in  the  GPS  system.  GPS  satellites  actually  broad- 
cast two  signals,  one  more  accurate  than  the  other.  Presently,  the 
Department  of  Defense  (DoD),  for  reasons  of  national  security, 
blocks  the  GPS  signals  that  provides  the  more  accurate  and  precise 
position  to  GPS  receivers  used  by  civil  users.  At  this  time,  permit- 
ting civil  users  to  receive  the  more  accurate  signal  is  opposed  by 
DoD. 

While  this  would  be  a  no-cost  or  low  cost  solution  to  the  accuracy 
problem,  a  consensus  has  developed  that  even  the  more  accurate 
GPS  signal  now  protected  by  the  DoD  would  not  be  accurate 
enough  to  provide  for  very  low  or  no  visibility  approach  require- 
ments. The  more  accurate  signal  would  provide  accuracy  to  about 
18  meters  horizontally  and  28  meters  vertically.  For  now,  visibility 
approaches,  single  digit  meter  accuracy  would  be  required. 

Aside  fi-om  using  the  more  accurate  GPS  signal,  there  are  other 
means  being  considered  to  achieve  the  accuracy  required  for  preci- 
sion approaches.  One  approach  would  be  to  put  more  satellites  up. 
As  mentioned  before,  the  GPS  constellation  is  designed  to  make 
four  sateUites  visible  to  a  GPS  receiver  at  any  one  time.  To  get  the 
accuracy  required,  five  or  six  satellites  would  be  required  to  be 
'Sdsible"  to  a  receiver.  To  configure  the  constellation  so  this  would 
be  possible,  would  require  that  another  four  or  five  GPS  satelhtes 
be  launched.  This  would  cost  hundreds  of  millions  of  dollars.  An  al- 
ternative would  be  to  put  a  smaller  number  of  geostationary  sat- 
ellites in  orbit  that  would  likely  provide  the  needed  functionality  at 
a  cost  of  approximately  $70  million. 

One  solution  that  is  potentially  less  expensive  is  to  use  the  Com- 
monwealth of  Independent  States'  satellite  navigation  system 
(GLONASS)  to  supplement  the  U.S.  GPS  satellites.  GLONASS  is 
very  similar  in  fiinction  to  GPS,  however,  there  are  some  technical 
compatibility  problems  because  GLONASS  broadcasts  on  different 
fi-equencies  and  would  require  a  different  receiver  than  GPS. 

Another  potential  satellite  solution  to  the  accuracy  problem  is  to 
put  a  GPS  navigation  payload  on  other  satellites  to  be  launched. 
This  is  under  active  consideration  by  the  international  satellite 
consortium,  INMARSAT,  as  it  designs  its  next  generation  of  com- 
miuiication  satellites  to  be  launched  in  the  mid-1990s. 
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The  technical  solution  to  the  accuracy  problem  that  is  gaining 
currency  within  the  aviation  community  is  establishing  what  is 
known  as  'differential  GPS  stations'  on  the  ground  at  airports.  The 
concept  is  to  provide  an  additional  GPS  signal  from  the  ground 
that  would  be  received  in  a  local  area  40-50  miles  in  diameter. 
This  would  provide  enough  GPS  signals  in  the  vicinity  of  an  airport 
for  a  GPS  receiver  to  achieve  enough  accuracy  to  make  at  least 
some,  if  not  all,  categories  of  precision  approaches.  Differential  sta- 
tions would  be  relatively  inexpensive,  costing  approximately 
$100,000.  Issues  of  who  would  own,  operate  and  maintain  differen- 
tial stations  (FAA,  airports,  or  aviation  users)  would  also  need  to 
be  resolved. 

Another  technical  issue  that  must  be  resolved  before  satellite 
navigation's  full  benefits  can  be  realized  is  the  "integrity  of  the 
GPS  system.  Typically,  aviation  technology  requires  that  equip- 
ment be  reliable  and  redundant  enough  that  there  is  negligible  con- 
cern that  the  system  is  functioning  accurately,  and  when  it  does 
not,  that  the  fault  or  defect  is  immediately  known  to  exist  imme- 
diately by  the  humans  involved  so  reliance  on  the  faulty  system 
can  be  dropped.  The  current  integrity  of  GPS  does  not  let  the  hu- 
mans that  known  there  is  a  fault  for  more  than  an  hour,  which  is 
unacceptable  from  a  safety  standpoint.  To  resolve  this  issue,  the 
FAA  is  considering  systems  to  monitor  satellite  failures  and  issue 
warnings  to  civil  aviation  users. 

Beyond  making  technnological  choices  of  how  to  proceed  with 
satellites,  the  FAA  and  the  industry  will  also  have  to  develop 
standards  to  which  satellites,  receivers,  and  associated  equipment 
are  manufactured  and  operated.  While  many  pilots,  particularly  in 
general  aviation,  use  GPS  receivers  to  navigate,  this  use  is  unoffi- 
cial and  performed  with  equipment  that  does  not  meet  FAA  stand- 
ards for  functionality  and  reliability.  FAA  has  recently  issued  cer- 
tification standards  for  GPS  receivers  and  the  industry  is  expected 
to  market  receivers  in  the  near  future  meeting  those  standards. 

To  receive  full  advantage  of  satellite  teclmology,  the  FAA  will 
also  have  to  revise  its  air  traffic  control  procedures  and  rules  and 
develop  new  approach  charts  for  satellite  based  navigation. 

Also,  new  air  carrier  operational  standards  will  have  to  be  devel- 
oped to  incorporate  satellite  navigation  into  day-in  and  day-out  air- 
line operations.  This  includes  cockpit  procedures,  and  pilot  training 
operational  manuals.  FAA  has  taken  steps  earlier  this  summer  to 
approve  GPS  navigation  as  long  as  all  other  navigation  was  also 
installed  and  operative.  At  this  point,  it  is  approved  for  supple- 
mentary, not  replacement,  use. 

All  of  these  choices  and  changes  will  be  coming  at  a  time  when 
the  federal  budget  is  under  tremendous  pressures  to  cut  resources 
and  staff.  The  FAA  in  particular  is  facing  a  freeze  in  FY  1994 
which  makes  it  very  difficult  to  initiate  new  activity  and  programs. 
For  FY  1995  the  Administration  is  considering  a  budget  option  that 
would  take  $400  million  out  of  the  FAA  Operations  budget,  a  cut 
of  approximately  8%.  Whether  such  a  cut  would  slow  down 
progress  to  move  the  aviation  system  toward  increased  rehance  on 
satellite  technology,  is  undetermined. 

There  are  a  number  of  international  institutional  issues  that  will 
have  an  impact  on  the  pace  and  extent  of  reliance  on  satellites  for 
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navigation  beyond  U.S.  borders.  Historically,  standards  for  naviga- 
tion equipment  and  navigation  procedures  are  established  inter- 
nationally through  the  International  Civil  Aviation  Organization,  a 
United  Nations  body.  ICAO,  through  its  Future  Air  Navigation 
Systems  Subcommittee  (FANS),  has  agreed  that  the  future  inter- 
national navigation  system  should  be  satellite-based. 

However,  there  are  concerns  by  some  foreign  governments  that 
the  basis  of  the  proposed  future  satellite  system  is  the  U.S.  GPS 
network.  These  foreign  governments  do  not  want  the  system  to  be 
controlled  by  any  one  country,  and  particularly  not  by  the  U.S. 
military.  They  are  fearful  that  the  global  aviation  community  will 
commit  to  the  U.S.  system  only  to  have  it  turned  ofiF  at  some  point 
for  U.S.  national  security  reasons. 

Beyond  questions  of  control,  some  foreign  governments  realize 
that  the  aviation  community  is  rapidly  moving  toward  satellites 
and  their  electronics  industries  are  oriented  toward  exploiting 
ground-based  technology  markets. 

IV.  FAA  AND  AVIATION  INDUSTRY  ACTIONS  AND  PLANS 

Discussion  and  studies  of  satellite  technology  for  aviation  have 
been  underway  for  20  years,  but  concrete  steps  toward  bringing  the 
benefits  on-line  began  approximately  two  years  ago,  when  the 
DoD's  deployment  of  the  GPS  constellation  drew  to  a  close. 

In  late  1991,  the  FAA  commissioned  the  RTCA  to  form  a  task 
force  to  develop  a  strategy  for  early  implementation  of  a  global  sat- 
ellite navigation  system.  (RTCA  is  an  association  of  aeronautical 
organizations,  government  and  private,  that  seek  to  develop  tech- 
nical solutions  in  the  application  of  electronics  and  telecommuni- 
cations to  aviation  operations).  In  September,  1992,  the  RTCA  Task 
Force  issued  a  detailed  report  on  how  the  various  technical  issues 
associated  with  the  introduction  of  satellites  into  the  aviation  sys- 
tem should  be  approached  and  resolved. 

In  late  1992,  the  Federal  Aviation  Administration  established  a 
Satellite  Program  Office  to  establish  goals  and  a  program  to  imple- 
ment such  goals.  This  office  has  published  a  plan  with  timelines 
and  milestones  to  implement  many  of  the  RTCA  Task  Force  rec- 
ommendations. Without  detailing  all  of  the  activity  underway, 
some  of  the  highhghts  are  the  following: 

FAA  plans  to  complete  the  necessary  steps  by  the  end  of  this 
year  regarding  certification  and  approval  of  procedures  for  the  use 
of  GPS  as  a  supplemental  navigation  system,  including  non-preci- 
sion approaches.  As  part  of  this  goal,  the  FAA  earlier  this  year  is- 
sued aeronautical  certification  standards  for  GPS  receivers,  and 
some  operational/navigation  procedures. 

FAA  plans  to  take  steps  to  provide  for  limited  visibility  precision 
approaches  (Category  1)  using  GPS  by  the  end  of  1994  for  general 
aviation,  and  mid-1995  for  commercial  operations. 

FAA  plans  to  determine  the  feasibility  of  using  augmented  GPS 
technology  for  Category  II  and  III  precision  approaches  (very  lim- 
ited and  no  visibility  situations)  by  mid- 1995. 

FAA  plans  to  approve  GPS  for  navigation  as  part  of  automated 
cockpit  flight  management  systems  over  the  ocean  in  mid- 1995. 
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FAA's  current  plans  are  to  approve  use  of  GPS  as  a  primary 
navigation  system  in  the  domestic  en-route  and  terminal  environ- 
ments in  the  year  2000. 

The  Department  of  Transportation  and  the  Department  of  De- 
fense have  also  established  a  Task  Force  at  the  Office  of  the  Sec- 
retary level  to  coordinate  activities  related  to  civil  use  of  the  mili- 
tary system,  including  co-ownership  between  FAA  and  DOD.  This 
task  force  is  to  report  back  with  recommendations  next  November. 

Also,  over  the  past  two  years,  the  airline  industry  has  been  in- 
volved in  a  variety  of  tests  of  satellite  navigation  and  communica- 
tions in  conjunction  with  the  FAA,  particularly  over  the  Pacific 
Ocean.  This  testing  is  expected  to  continue  and  to  expand. 


FUTURE  USES  OF  SATELLITE  TECHNOLOGY 
IN  AVIATION 


WEDNESDAY,  JULY  28,  1993 

House  of  Representatives, 
Subcommittee  on  Aviation, 
Committee  on  Public  Works  and  Transportation, 

Washington,  DC. 

The  subcommittee  met,  pursuant  to  call,  at  10:40  p.m.,  in  Room 
2167,  Rayburn  House  Ofiice  Building,  Hon.  James  L.  Oberstar 
(chairman  of  the  subcommittee)  presiding. 

Mr.  Oberstar.  The  Subcommittee  on  Aviation  will  come  to  order. 

The  year  was  1926,  the  dawn  of  civil  aviation.  There  was  great 
excitement  about  the  beginning  of  commercial  air  service  as  the 
U.S.  Post  Office  launched  aviation  with  its  famous  mail  contracts. 

One  of  those  early  airmail  contract  pilots,  Jack  Knight,  was  frus- 
trated at  not  being  able  to  do  more  work  and  could  not  accept  con- 
ventional wisdom  that  you  cannot  fly  at  night.  So  he  organized 
farmers  along  his  route  from  Kansas  City  to  Chicago  to  light  bon- 
fires at  certain  times  along  the  way  to  illuminate  his  flight  and 
prove  that  you  could  navigate  aircraft  and  fly  commercially  at 
night.  It  worked. 

It  wasn't  long  before  bonfires  were  replaced  by  lighthouses.  And 
in  a  subcommittee  hearing  room  upstairs,  the  second  floor,  there  is 
a  display  of  the  early  lighthouse  service.  Some  moved  inland,  to 
guide  aircraft  as  well  as  ships  at  the  water's  edge. 

From  lighthouses,  technology  quickly  moved  to  radio  beacons, 
and  we  now  have  a  network  of  1,325  radio  beacons  across  the  Unit- 
ed States. 

In  1982,  some  56  years  later.  President  Reagan  startled  and 
challenged  the  aviation  world  with  a  proposal  to  make  a  global  po- 
sitioning satellite  navigational  capability  available  to  the  world  of 
aviation  through  ICAO  at  no  cost  to  users.  But  this  exciting  inno- 
vation, while  viewed  with  excitement  by  the  aviation  community, 
was  viewed  with  some  alarm  and  perhaps  concern  by  our  competi- 
tors and  our  friends  abroad  who  saw  this  as  a  massive  U.S.  leap 
of  technology  into  the  future  way  ahead  of  them;  secondly,  a  con- 
cern that  technology  would  be  controlled  by  the  Defense  Depart- 
ment and  perhaps  might  not  be  available  at  times  when  they  might 
need  it. 

And  there  was  great  skepticism,  unfortunately,  by  other  nations, 
toward  this  proposal.  Not  to  be  left  out,  the  Soviet  Union  moved 
very  quickly  shortly  after  that  with  its  GLONASS,  Global  Naviga- 
tional Satellite  System.  And  the  age  of  navigation  by  satellite  was 
under  way. 

(1) 


In  many  parts  of  the  world,  there  is  Uttle  or  no  ground-based 
navigation  system  for  aviation.  In  those  parts  of  the  world,  sat- 
ellites can  provide  the  navigation  we  need — that  pilots  need  with 
accuracy  and  dependability  but  without  the  need  to  build  costly, 
on-the-ground  navigational  infrastructure. 

One  of  the  staff  members  of  the  Aviation  Subcommittee,  who 
spends  a  good  deal  of  her  time  in  remote  parts  of  the  world  on  her 
own  vocation,  like  climbing  the  mountains  of  Africa  and  the  jun- 
gles— exploring  the  jungles  of  South  America,  and  working  with 
chimpanzees,  piloted  an  aircraft  over  a  remote  part  of  Bolivia  that 
on  navigation  charts  appeared  as  white,  uncharted  territory  on  her 
aeronautical  navigation  chart;  but  using  a  GPS  receiver,  Caroline 
was  able  to  find  a  remote  strip  in  the  new  national  park  in  Bolivia 
hundreds  of  miles  from  where  she  took  off. 

The  potential  benefits  such  as  these  and  many  others  that  can 
be  realized  from  global  positions  satellites  will  be  translated  into 
reduced  costs  to  government,  reduced  costs  to  the  aviation  indus- 
try, greater  efficiency,  greater  dependability,  and  eliminating  the 
need  for  other  costly  technology  now  under  development. 

If  precision  approaches  can  be  achieved  with  satellites,  the  FAA's 
Microwave  Landing  System,  for  example,  when  it  comes  to  a  deci- 
sion point  in  1995,  might  be  abandoned.  But  certainly  there  will  be 
a  competition  between  now  and  then  in  the  development  of  these 
two  technologies.  But  even  if  that  one  step  could  be  avoided,  there 
could  be  a  savings  of  over  a  billion  dollars. 

Aircraft  will  be  able,  with  GPS,  to  operate  closer  together  and 
travel  more  safely,  particularly  over  the  ocean,  achieving  millions 
of  dollars  in  savings  in  more  fuel  efficient  routes.  And  as  one  of 
these  displays  will  show,  if  your  en  route  capability  can  be  devel- 
oped with  reliability  that  is  now  expected,  there  can  be  en  route 
flight  plan  changes  that  can  take  advantage  of  the  jet  stream  and 
move  aircraft  faster  to  their  destination  saving  20  to  30  minutes 
in  oceanic  travel  and  give  greater  reliability. 

As  one  of  those  displays  show,  a  pilot  actually  thought  he  was 
further  south  on  his  route  than  the  GPS  actually  placed  him  and 
he  avoided  making  a  very  costly  and  perhaps  dangerous  mistake. 

Part  of  the  excitement  about  satellites  and  aviation  is  that  much 
of  the  technology  to  be  used  in  the  system  is  already  developed  and 
in  place. 

As  of  last  month,  the  Defense  Department's  Global  Positionmg 
System  Satellite  Constellation  was  completed.  Research  and  devel- 
opment is  still  under  way  and  needs  to  be  pursued,  but  the  sat- 
ellites are  launched  and  they  are  operating. 

It  appears,  from  a  civil  aviation  perspective,  that  we  do  not  have 
to  proceed  with  the  standard  lengthy  frustrating  invention,  devel- 
opment, perfection,  testing  process  that  has  so  often  attended  other 
technology. 

In  addition,  the  FAA  took  steps  earlier  this  year  to  specify  stand- 
ards for  GPS  equipment  and  has  published  operational  procedures. 
I  believe  that  it  will  be  clear  by  the  end  of  this  hearing  that  the 
FAA  has  moved  more  decisively,  more  speedily,  and  with  more  of 
a  vision  of  the  future  on  this  technology  than  they  have  on  any 
other  technology  the  FAA  has  worked  with. 


There  is  a  real  excitement  and  enthusiasm  not  only  within  the 
FAA  but  also  within  the  aviation  community  for  the  GPS  tech- 
nology. That  is  not  to  say  that  all  of  the  problems  are  behind  us. 
Clearly,  in  anything  this  technical,  this  complex,  there  are  techno- 
logical questions.  But  they  are  being  addressed.  Particularly,  the 
rather  disturbing  issue,  one  that  I  think  is  of  some  concern — and 
we  will  explore  this  in  the  hearing — is  that  of  reliability  or  integ- 
rity of  the  GPS  system;  its  reliability  to  be  dependable  at  all  times 
under  all  conditions  in  all  parts  of  the  world. 

There  are  other  problems  that  maybe  are  more  institutional  in 
nature,  such  as  how  the  FAA,  the  DOD,  £ind  international  bodies, 
ICAO,  other  countries  that  want  to  develop  similar  technologies, 
such  as  the  European  Community,  are  going  to  react  to  this  tech- 
nology and  integrate  it  into  their  thinking  and  into  their  formal 
rulemaking. 

Many  of  our  competing  nations,  world  partners,  particularly  the 
Europeans,  are  focused  on  ground-based  systems.  If  the  United 
States  moves  precipitously  and  with  full  vigor  on  a  GPS  system,  it 
will  leave  their  technology  in  the  dust — star  dust,  to  be  sure  and 
they  will  have  lost  an  important  opportunity  in  the  world  market. 
They  are,  obviously — and  I  think  for  commercial  purposes,  going  to 
be  dragging  their  feet. 

So  we  look  forward  with  a  great  deal  of  excitement  to  the  testi- 
mony and  the  information  that  will  be  presented,  both  by  the  FAA 
and  by  our  many  user  witnesses,  technology  witnesses.  And  I  urge 
all  members  to  take  and  all  participants  to  take  a  look  at  the  tech- 
nical displays  around  the  room. 

I  ask  unanimous  consent  that  the  staff  briefing  paper  be  included 
in  the  committee  hearing  record  at  the  outset  following  my  state- 
ment and  that  of  Mr.  Clinger. 

But  I  think  it  is  the  most  complete  documentation  of  evolution 
of  this  technology  available  today. 

The  Chair  now  recognizes  the  gentleman  from  Pennsylvania,  Mr. 
Clinger. 

Mr.  Clinger.  Thank  you  very  much,  Mr.  Chairman. 

Satellite  technology,  especially  the  Global  Positioning  System, 
promises  to  save  aviation  users  tremendous  sums  of  money  through 
the  use  of  more  efficient  point-to-point  routing,  as  well  as  through 
the  consolidation  and  elimination  of  ground-based  aids  to  naviga- 
tion. 

Satellite  technology  has  the  very  real  capability  of  providing  a 
win-win  to  government  and  to  industry,  lower  operating  costs  and 
greater  reliability  to  the  Federal  Government  and  better  routes  and 
global  coverage  for  industry. 

I  do  worry,  however,  about  the  FAA's  ability  to  bring  this  tech- 
nology into  the  mainstream. 

First,  understandably,  the  agency  is  very,  very  cautious  about 
testing,  certifying,  and  standardizing  the  engineering  protocols  in- 
herent in  any  complex  navigation  system.  And  for  this,  I  don't  fault 
them.  I  would  encourage  them  to  work  as  expeditiously  as  possible 
to  reach  closure. 

Second,  the  FAA  is  going  to  have  to  decide  how  it  intends  to  con- 
tinue with  the  Microwave  Landing  System. 


And,  third,  the  agency  must,  in  the  meantime,  continue  to  pro- 
cure conventional  instrument  landing  systems  for  installation  at 
airports  until  it  is  prepared  to  bring  GPS  to  the  forefront. 

FAA  must,  therefore,  be  judicious,  balancing  the  costs  associated 
with  current  needs  for  new  systems  against  future  costs  of  shifting 
away  from  the  technology  to  GPS, 

In  addition,  I  worry  about  the  ability  of  our  government  to  work 
together  with  major  foreign  governments  and  industry  to  develop 
a  common  set  of  engineering  standards  for  satellite-dependent  tech- 
nologies, which  you  referred  to. 

News  of  ICAO's  recent  decision  to  not  sanction  the  Global  Posi- 
tioning System  as  a  viable  program  is  particularly  disturbing.  We 
now  have  in  place  a  constellation  of  satellites.  Yet  the  implication 
of  ICAO's  decision,  appears  to  suggest  their  desire  to  field  an  en- 
tirely new  system  of  satellites  at  tremendous  cost  and  delay. 

Aircraft  and  radio  manufacturers  are  anxious  to  incorporate 
these  devices  in  airplanes.  We  need  to  come  to  an  agreement  very 
soon,  otherwise  we  face  the  very  real  specter  of  witnessing  the  de- 
velopment of  several  competing,  incompatible  technologies  being  in- 
corporated in  aircraft.  Something  that  none  of  us  would  like  to  see 
happen. 

The  result  will  be  tremendously  increased  costs  to  air  carriers  as 
they  equip  their  international  fleets  with  several  varieties  of  navi- 
gation and  communication  radios.  Despite  ICAO's  view,  I  believe 
that  we  must  continue  to  assure  our  international  aviation  part- 
ners that  the  reliability  of  the  GPS  will  not  be  subjected  to  military 
manipulation,  that  it  will  be  truly  an  international,  civil,  naviga- 
tion system. 

Finally,  I  believe  the  costs  associated  with  GPS  must  be  resolved 
in  such  a  way  that  the  FAA  can  continue  to  afford  this  technology. 
The  expense  associated  with  launching  new  satellites  to  replace 
those  now  flying  can  become  prohibitive  very  quickly;  and  so  long 
as  the  military  is  advantaged  by  GPS,  I  am  convinced  they  should 
share  the  burden  no  matter  how  intensively  civil  users  rely  on  this 
system. 

I  want  to  thank  our  witnesses  for  taking  time  from  their  sched- 
ules to  appear  before  us  today  and  particularly  Secretary  Pena  for 
being  with  us.  I  appreciate  your  appearance  and  look  forward  to 
your  statements. 

Thank  you,  Mr.  Chairman. 

Mr.  Oberstar.  Before  we  proceed,  I  would  like  to  insert  into  the 
record  at  this  point  statements  received  from  Representative 
Costello  of  Illinois,  Representative  Collins  of  Michigan,  and  Rep- 
resentative Blackwell  of  Pennsylvania 

[Statement  referred  to  follow:] 

Statement  of  Hon.  Jerry  F.  Costello 

Mr.  Chairman,  I  want  to  thank  you  for  calling  today's  hearing  to  discuss  the  fu- 
ture uses  of  satellite  technology  in  aviation.  I  also  would  like  to  welcome  Secretary 
Peiia  and  the  other  witnesses  who  will  testify  today  on  this  subject. 

I  believe  the  possibilities  of  the  Global  Positioning  System  (GPS)  technology  are 
very  promising  to  the  aviation  community.  Although  there  are  a  few  concerns  that 
must  be  considered,  I  expect  these  issues  will  be  raised  during  today's  hearing  and 
fully  understood  prior  to  any  decision-making  by  this  committee  or  by  the  Federal 
Aviation  Administration. 


I  look  forward  to  hearing  the  testimony  of  today's  witnesses  on  the  GPS  system 
and  I  hope  you  will  educate  us  on  both  the  positive  and  negative  aspects  of  this 
technology.  Mr.  Chairman,  I  want  to  thank  you  again  for  calling  this  hearing  and 
for  your  leadership  on  this  aviation  issue. 


Statement  of  Hon.  Barbara-Rose  Collins 

Thank  you,  Mr.  Chairman  for  holding  today's  hearing  on  the  future  uses  of  the 

{global  positioning  system  satellite  technology  in  the  aviation  industry.  This  techno- 
ogical  innovation,  which  is  within  our  grasp,  could  potentially  revolutionize  air 
travel  well  into  the  next  century.  The  magnitude  of  GPS's  impact  is  almost  immeas- 
urable, since  it  offers  us  the  possibility  of  fundamental  change  in  aircraft  operations. 

I  am  particularly  intrigued  by  its  implications  for  enhanced  capacity  and  effi- 
ciency at  our  mfgor  and  congested  airports.  Given  current  budget  constraints,  and 
reduced  appropriations  for  the  FAA  operations  account,  I  wonder  if  this  new  system 
will  be  available  for  broad  commercial  use  soon.  I  am  sure  that  after  today's  testi- 
mony, we  will  all  have  a  better  understanding  of  where  we  stand  today,  and  how 
long  it  will  take  to  implement  this  technology. 

I  greatly  appreciate  the  testimony  of  our  witnesses  this  morning.  I  would  also  like 
to  thank  Secretary  Peiia  for  his  attendance  this  morning,  given  his  busy  schedule 
today.  I  am  confident  that  he  will  be  able  to  give  us  a  clear  understanding  of  the 
administration's  views  on  FAA  use  of  the  GPS  system,  and  possible  restructuring 
of  the  ways  in  which  the  FAA  will  best  utilize  its  resources  to  implement  satellite 
technology. 

Again,  Mr.  Chairman,  thank  you  for  convening  this  hearing.  I  believe  it  is  a  fur- 
ther testimony  to  our  subcommittee's  commitment  to  ensuring  a  safe  and  efficient 
aviation  industry  for  the  twenty-first  century. 


Statement  of  Congressman  Lucien  E.  Blackwell 

Thank  you,  Mr.  Chairman.  I  am  pleased  to  join  you  and  my  colleagues  as  we  pre- 
pare to  receive  testimony  on  the  future  uses  of  satellite  technology  in  aviation. 

The  growth  of  air  commerce — both  national  and  international — to  the  United 
States  communities  is  fundamental  to  the  revitalization  of  the  United  States  econ- 
omy as  well  as  local  and  regional  economic  development.  Air  transportation  is  both 
a  cause  and  effect  of  the  development  of  this  global  marketplace.  That  is  why  any 
changes  to  the  aviation  system  brought  about  by  satellite  technology  wUl  be  far- 
reaching. 

This  technology — as  I  understand  it — will  provide  new  and  improved  prospects  for 
greater  accuracy  and  timeless  of  aircraft  position  information  as  well  as  basic 
changes  in  how  aircraft  operations  and  associated  procedures  are  managed.  Many 
corporations  and  organizations  will  have  a  direct  interest  in  the  development  of  this 
technology.  The  resulting  interplay  of  commercial  interests  in  the  air  transportation 
business — airlines,  aircraft  manufacturers,  suppliers,  labor  unions,  financial  institu- 
tions— and  public  agencies  responsible  for  aviation  infrastructure,  federal,  state  and 
local  governments  as  well  as  airport  operators  will  be  impacted  significantly  by  this 
implementation  . 

There  are  a  number  of  unanswered  questions  about  the  potential  effectiveness  of 
initiating  this  system.  I  am  sure  that  today  we  will  hear  many  suggestions  offering 
clever  approaches  for  integrating  this  much  talked  about  technology.  As  we  ponder 
the  issues  today,  I  favor  the  view  that  the  perfection  of  this  technology  is  a  sound 
approach. 

It  is  a  well-known  fact  that  airports  are  still  trjdng  to  catch  up  with  the  dramatic 
air  traffic  growth  and  capacity  demands  of  recent  years,  but,  regrettably,  each  year 
they  seem  to  come  up  short.  Perhaps,  the  use  of  satellite  technology  will  heighten 
the  effectiveness  of  airport  operations.  Through  the  use  of  satellite  technology,  per- 
haps we  can  now  move  ahead  to  reduce  operating  delay  costs  associated  with  flight 
time  and  fuel  consumption,  low  productivity  and  poor  capacity. 

With  a  more  intense  focus  on  improving  the  current  system,  we  must  strongly 
consider  the  potential  benefits  of  this  technology.  Through  its  implementation,  I  en- 
vision a  great  enhancement  of  our  transportation  system. 

Mr.  Chairman,  in  light  of  the  gfravity  of  the  circumstances  surrounding  the  devel- 
opment of  satellite  technology  and  the  policy  choices  facing  government  and  indus- 
try as  satellites  are  brought  into  the  aviation  system,  I  welcome  the  witnesses  who 
will  appear  before  us  this  morning  and  look  forward  to  hearing  their  testimony. 

Thank  you,  Mr.  Chairman. 
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Mr.  Oberstar.  Thank  the  gentleman  for  those  cautionary  re- 
marks. 

In  light  of  the  Secretary's  presence  with  us  this  morning  and  his 
schedule,  the  Chair  would  ask  other  Members,  with  the  exception 
of  the  gentleman  from  Pennsylvania,  Mr.  Shuster,  the  Ranking 
Member  on  the  full  committee,  to  withhold  their  statements. 

The  Chair  recognizes  the  gentleman  from  Pennsylvania  for  his 
statement. 

Mr.  Shuster.  Thank  you,  Mr.  Chairman.  I  will  be  brief.  I  wel- 
come the  Secretary. 

Based  on  my  experience  as  the  Ranking  Member  on  the  Intel- 
ligence Committee,  I  bring  enormous  enthusiasm  to  the  potential 
of  using  satellites  in  navigation  and  communication  for  aviation 
systems. 

What  we  might  formerly  have  thought  of  as  Buck  Rogers-type 
scientific  fiction  is  reality  today.  During  Desert  Storm,  halfwav 
around  the  world,  we  were  able  to  track  and  listen  to  Iraqi  tank 
commanders  down  to  the  individual  tank.  This  capacity  exists 
today.  The  task  now,  of  course,  is  to  commercialize  it.  The  research 
has  been  done.  The  task  is  to  commercialize  it  and  create  the 
standards  that  can  be  used  internationally.  And  so  I  strongly  sup- 
port our  effort. 

Thank  you  very  much. 

Mr.  Oberstar.  Thank  the  gentleman. 

And  I  would  also  announce  that  following  the  Secretary's  state- 
ment, I  would  ask  Members  to  search  their  souls  if  they  have  some 
really  burning  question  that  must  be  asked,  and  we  will  give  those 
who  have  such  a  question  a  minute.  The  Secretary  does  have  an- 
other commitment  to  which  he  was  long  ago  committed,  but  he 
changed  his  schedule  to  be  with  us  this  morning. 

And  we  welcome  you  and  your  first  appearance  before  the  Sub- 
committee on  Aviation,  Mr.  Secretary. 

TESTIMONY  OF  HON.  FEDERICO  PENA,  SECRETARY,  U.S. 
DEPARTMENT  OF  TRANSPORTATION 

Secretary  Pena.  Thank  you,  Mr.  Chairman  and  Members  of  the 
committee.  And  let  me  applaud  you  for  having  this  hearing.  This 
truly  is  a  new  and  exciting  technology  for  our  country. 

And,  Mr.  Chairman,  I  appreciate  your  recognition  of  the  fact  that 
I  was  not  originally  scheduled  to  testify  here.  But  when  I  had  per- 
sonal notice  of  the  subject  matter,  I  wanted  to  be  here.  And  let  me 
tell  you  why. 

Immediately  upon  taking  office  as  the  Secretary  of  Transpor- 
tation, I  think  within  30  days,  I  had  my  first  meeting  in  the  De- 
partment to  focus  on  this  new  technology  because  one  of  my  prior- 
ities in  the  Department  of  Transportation  is  to  bring  new  tech- 
nology to  transportation  services  in  our  country,  and  also  because 
of  some  of  the  questions  that  were  raised  in  the  opening  state- 
ments. 

I  was  hopeful  that  by  focusing  on  this  issue  very  early  and  ele- 
vating it,  we  could  have  much  more  progress. 

As  a  result  of  that,  Mr.  Chairman  and  Members,  I  am  happy  to 
report  that,  early  on.  Secretary  Aspin  and  I  convened  a  joint  DOD/ 
DOT  task  force  which  has  been  attempting  to  address  the  issues 


that  some  of  you  raised  in  your  opening  statements;  and  we  are 
hopeful  that  sometime  this  fall  we  will  reach  agreement  on  some 
of  those  questions.  I  am  very  happy  to  be  here  to  tell  you  that  this 
is  trulv  a  technological  achievement  which  I  believe  will  produce 
major  benefits  for  industry  and  for  commerce  in  our  country. 

As  civil  use  experience  with  our  satellite-based  global  positioning 
system  develops,  these  benefits  may  extend  to  mass  consumer  mar- 
kets affecting  a  large  portion  of  U.S.  households.  Because  of  the  na- 
ture of  this  technology,  benefits  have  already  been  extended  to  the 
far  comers  of  the  world,  extending  the  goodwill  of  the  people  of  the 
United  States  in  a  way  that  was  never  before  possible. 

With  me  today  are  two  gentlemen  whom  I  believe  many  of  you 
already  know.  They  will  present  to  you  detailed  information  on 
FAA's  planning,  research,  and  development  for  aviation  use  of  the 
Global  Positioning  System.  They  are  Martin  Pozesky,  the  Associate 
Administrator  for  System  Engineering  and  Development  and  An- 
thony Broderick,  the  Associate  Administrator  for  Regulation  and 
Certification  in  the  Federal  Aviation  Administration. 

GPS,  which  was  initiated  in  the  1970s,  is  a  space-based  position- 
ing and  navigation  system.  GPS  signals  are  continually  available 
on  a  worldwide  basis  in  any  weather.  The  satellites  are  located 
11,000  nautical  miles  above  the  earth.  To  access  the  system,  the 
users  have  only  to  turn  on  a  GPS  receiver,  like  those  on  the  wit- 
ness table,  which  is  like  a  normal  radio,  with  the  antenna  exposed 
to  the  sky. 

GPS  provides  the  greatest  opportunity  to  enhance  the  air  naviga- 
tion system  since  the  introduction  of  radio-based  navigation  more 
than  50  years  ago.  Satellite-based  navigation  represents  an  eco- 
nomic benefit  to  the  U.S.  aviation  industry,  perhaps  involving  bil- 
lions of  dollars  a  year. 

The  civil  use  of  GPS  for  oceanic  and  domestic  en  route  flight  of- 
fers significantly  better  navigation  accuracy  than  previously  pos- 
sible. When  combined  with  other  systems,  it  will  allow  a  pilot  to 
fly  an  optimum  route  to  a  destination — the  example  that  you  al- 
luded to  earlier — subject  to  only  the  weather  and  the  presence  of 
other  aircraft  in  the  area.  This  will  provide  considerable  time  and 
fuel  savings  in  managing  en  route  air  traffic. 

GPS  has  a  wide  range  of  applications  in  other  transportation  sec- 
tors. That  is  why  I  wanted  to  be  here  today,  Mr.  Chairman,  to  talk 
about  the  broader  possibilities  here  in  the  space  program  and  grow- 
ing commercial  space  industry.  For  example,  GPS  is  used  to  satisfy 
positioning  and  timing  requirements  for  earth-orbiting  space  sys- 
tems, including  Space  Shuttle  operations. 

GPS  will  provide  marine  navigators  with  the  first  precise  world- 
wide continuous  positioning  and  timing  service.  As  a  result,  com- 
mercial shipping  will  be  safer,  more  efficient,  reliable,  and  economi- 
cal. 

GPS,  augmented  with  differential  signals,  will  satisfy  the  strin- 
gent marine  accuracy  requirements  for  harbor  and  harbor  approach 
navigation,  which  has  previously  been  unattainable  with  other 
navigation  systems. 

Land  applications  are  expected  to  comprise  the  largest  category 
of  GPS  users.  While  today^s  attention  is  focused  on  the  aviation 
side,  the  land  side  really  gives  us  the  greatest  potential.  Although 
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not  traditional  radio  navigation  system  users,  they  are  expected  to 
employ  various  systems  being  developed  to  enhance  the  economic 
efficiency  and  safety  of  all  land  modes  of  transportation. 

Let  me  give  you  a  few  examples: 

First  of  all,  Intelligent  Vehicle  Highway  Systems  will  combine 
GPS  with  communications,  controls,  navigation,  and  information 
systems  to  improve  highway  safety,  ease  traffic  congestion,  and  re- 
duce harmful  environmental  effects. 

Today  there  are  a  number  of  cities  in  our  country — Denver,  my 
hometown,  for  example — which  are  using  these  kinds  of  technology 
in  their  buses  as  we  track  buses  through  our  cities  and  hopefully 
improve  their  timing  by  locating  those  buses  as  they  travel 
throughout  the  Denver  metropolitan  areas. 

Vehicle  tracking  systems  will  use  GPS  for  commercial  and  tran- 
sit fleet  management,  hazardous  material  monitoring,  tracking  and 
controlling  movements  of  railroad  equipment  and  automated  dis- 
patching of  fire,  paramedic,  and  police  units. 

GPS  is  used  in  surveying,  telecommunications  and  electric  power 
synchronization,  agriculture  and  forestry,  census  taking,  meteoro- 
logical radiosondes,  and  even  backpacking. 

In  fact,  Mr.  Chairman  and  Committee  Members,  last  year,  when 
Denver  started  to  build  its  new  baseball  stadium  for  the  Colorado 
Rockies,  home  plate  was  identified  by  the  use  of  satellite  tech- 
nology; and  we  were  able  to  save  two-thirds  of  the  time  it  normally 
takes  to  locate  home  plate.  I  hope  the  Rockies  play  as  well. 

It  is  too  early  to  say  whether  consumer  markets  will  develop  to 
the  point  where  a  GPS  receiver  is  as  commonplace  as  the  radio  re- 
ceiver is  now  in  private  automobiles.  However,  it  is  clear  that  if 
such  a  market  does  develop,  we  are  looking  at  very  large  numbers 
of  installed  units  and  individual  users. 

The  U.S.  Coast  Guard  has  established  a  unit  to  provide  support 
and  assistance  to  civil  users  of  GPS,  including  both  transportation 
and  nontransportation  applications.  The  Coast  Guard  is  proceeding 
with  research  and  development  for  implementation  of  GPS  for  ma- 
rine users.  The  Coast  Guard's  efforts,  along  with  those  of  FAA,  are 
providing  the  leadership  necessary  to  promote  the  full  civilian  use 
of  this  exciting  technology. 

GPS  is  being  implemented  by  the  Defense  Department  at  a  cost 
approaching  $10  billion.  Even  before  becoming  operational,  GPS 
proved  its  worth  to  the  national  defense  in  Desert  Storm. 

However,  because  of  its  potential  value  to  civil  users,  and  in  rec- 
ognition of  the  significant  national  security  implications  that  might 
be  associated  with  widespread  civilian  availability.  Secretary  Aspin 
and  I  formed  a  task  force  to  study  the  future  management  of  GPS. 
We  want  to  assure  that  the  full  potential  civil  benefits  are,  in  fact, 
made  available  to  the  public,  while  preserving — and  I  want  to  em- 
phasize this — while  preserving  the  national  security  benefits  of 
GPS  for  military  uses.  I  expect  to  receive  the  task  force  rec- 
ommendations this  fall. 

Mr.  Chairman  and  Committee  Members,  I  commend  your  inter- 
est and  support  and  enthusiasm  for  this  important  subject.  We  look 
forward  to  working  with  you  to  assure  that  the  full  benefits  of  GPS 
are  rapidly  available  to  civil  aviation  and  the  entire  transportation 
industry. 


Thank  you  very  much  Mr.  Chairman. 

Mr.  Oberstar.  Thank  you,  Mr.  Secretary.  We  do  have  a  vote  in 
progress.  I  did  want  to  ask  you  about  the  task  force  report. 

Is  there  anything  determinative  about  it?  Is  it  just  a  report  on 
the  status  of  technology  in  progress? 

Secretary  Pena.  No.  The  principal  focus  is  to  attempt  to  address 
this  question  of  defense  versus  civilian  control  of  the  system. 

Mr.  Oberstar.  Okay. 

Secretary  Pena.  And  we  are  hoping  that  we  can  address  that 
issue  in  addition  to  some  of  the  other  technical  issues  so  that  we 
can  give  the  civilian  users  the  kind  of  confidence  they  need  that  the 
system  will  be  available  over  the  long  term. 

Mr.  Oberstar.  That  would  be  very  important,  as  I  noted  earlier, 
in  our  international  dealings  and  as  Mr.  dinger  noted  in  his  open- 
ing remarks. 

Mr.  Secretary,  this  is  the  easiest  the  Secretary  of  Transportation 
has  ever  gotten  off  in  this  subcommittee.  I  won't  say  that  you  were 
saved  by  the  bell,  but  the  timing  was  absolutely  marvelous,  and 
your  statement  was  right  on  track;  and  we  appreciate  it. 

But  most  significantly  is  your  own  determination  to  be  here  on 
your  own.  We  didn't  ask  for  your  presence.  We  only  do  that  when 
we  feel  that  there  are  matters  of  high  importance  that  require  Sec- 
retarial attention.  But  it  is  a  tribute  to  you  and  your  leadership  of 
the  Department  that  you  wanted  to  be  here  to  address  the  impor- 
tance of  GPS,  not  only  for  aviation  but,  as  you  so  well  laid  it  out 
in  your  statement,  for  the  intermodal  implications  and  effects  of 
this  technology.  Thank  you.  And  continue  your  great  leadership  of 
that  Department. 

The  subcommittee  will  stand  in  recess  pending  this  vote. 

[Recess.] 

Mr.  Oberstar.  The  subcommittee  will  resume  its  sitting. 

Would  people  be  so  good  as  to  close  the  doors  to  eliminate  the 
hall  noise. 

I  thank  the  volunteers. 

TESTIMONY  OF  MARTIN  T.  POZESKY,  ASSOCIATE  ADMINIS- 
TRATOR  FOR  SYSTEM  ENGINEERING  AND  DEVELOPMENT, 
FEDERAL  AVIATION  ADMINISTRATION;  AND  ANTHONY  J. 
BRODERICK,  ASSOCIATE  ADMINISTRATOR  FOR  REGULA- 
TION  AND  CERTIFICATION,  FEDERAL  AVIATION  ADMINIS- 
TRATION 

Mr.  Oberstar.  Mr.  Pozesky,  welcome.  And,  Mr.  Broderick,  wel- 
come. We  are  glad  to  have  both  of  you,  the  dynamic  duo  of  the 
FAA.  It  seems  that  the  two  of  you  are  always  in  the  forefront  with 
challenges  as  well  as  opportunities  for  the  FAA.  We  are  very 
pleased  that  we  have  your  leadership,  your  expertise,  and  your 
dedication  to  aviation  at  the  forefront  of  this  very  important  agen- 
cy. 

I  want  to  add — which  I  intended  but  neglected  to  do  in  my  open- 
ing remarks — that  all  too  often  the  focus  in  this  country  on  tech- 
nology is  on  NASA  and  the  Space  Shuttle  and  now  the  Space  Sta- 
tion. And  time  again,  it  is  a  big  deal  to  see  on  TV  the  liftoffs  and 
the  exploits  in  space.  And  all  of  that  glamour  tends  to  overshadow 
the  far  more  complex,  far  more  difficult  technology  that  the  FAA 
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develops  and  operates,  which  is  of  infinitely  greater  importance  to 
most  Americans  than  is  the  space  program. 

While  the  man-orbiting  satellites,  Space  Station  will  accommo- 
date some  six  people,  at  max,  the  FAA  operated  system  is  moving 
half  a  million  people,  roughly — half  a  billion  people  boardings  and 
so  on  yearly  in  the  United  States.  Nearly  half  of  all  the  people  who 
travel  by  airplane  in  the  world,  travel  in  the  United  States  under 
the  FAA's  guidance  and  under  the  command  of  all  this  complex 
technology.  And  I  think  people  ought  to  understand  the  significance 
to  our  national  economy  that  this  relatively  small  but  important 
and  highly  motivated,  agency  represents. 

A  critical  factor  in  a  $600  billion  of  our  sector  of  our  6  trillion 
economy,  it  is  in  vour  hands. 

Mr.  Pozesky,  please  proceed. 

Mr.  Pozesky.  Thank  you,  Mr.  Chairman  and  Members  of  the 
Subcommittee.  Thank  you  again  for  the  opportunity  to  appear  be- 
fore you  and  most  importantly  for  the  leadership  and  the  support 
you  have  provided  and  support  of  FAA  activities  in  this  program 
area. 

Mr.  Chairman,  we  are  here,  of  course,  to  talk  about  satellite 
technology  and  GPS.  There  is  no  question  that  GPS  has  far-reach- 
ing potential  for  the  future  of  aviation. 

Two  years  ago,  GPS  was  beginning  to  mature  but  was  still  only 
a  hope.  Today  we  are  well  on  our  way  to  having  a  single  navigation 
system  that  can  handle  all  phases  of  flight  all  over  the  world  with 
unprecedented  accuracy. 

GPS,  combined  with  advanced  telecommunications  and  higher 
levels  of  automation,  offers  unlimted  opportunities  for  improvement 
in  aviation  safety,  capacity,  and  efficiency. 

There  is  no  question  that  major  benefits  exist  for  the  airlines. 
These  include  fuel  savings,  reduced  flight  time,  reduced  avionics  re- 
quirements, more  efficient  flight  paths,  and  reduced  delays. 

These  benefits  are  more  likely  to  be  realized  over  the  ocean, 
where  a  combination  of  GPS  positions,  relayed  back  to  the  ground, 
can  provide  a  radar-like  surveillance  capability  to  the  air  traffic 
controller.  This  can  enable  us  to  put  the  aircraft  on  the  "best-wind" 
positions  as  they  cross  the  ocean. 

There  are  major  benefits  in  terminal  and  en  route  as  well.  As 
dramatic  as  the  airline  benefits  are,  there  is  no  question  that  gen- 
eral aviation  may  achieve  even  more  benefits  from  this  capability. 
The  real  possibility  exists  to  provide  precision  and  nonprecision  ap- 
proach to  virtually  every  airport  in  this  country  through  a  combina- 
tion of  these  systems. 

Both  general  aviation  and  commercial  carriers  will  enjoy  far 
greater  operational  flexibility  by  having  these  additional  instru- 
ment approaches  available  to  them. 

Tony  and  I  are  strong  advocates  of  GPS.  What  is  also  very  excit- 
ing for  us,  however,  is  the  fact  that  the  FAA  has  played  a  leader- 
ship role  in  the  application  of  this  exciting  new  technology  to  avia- 
tion. The  FAA  has  approved  the  supplemental  use  of  GPS  for  all 
phases  of  flight,  including  nonprecision  approaches  to  airports. 

With  this  approval,  GPS  can  be  used  to  fly  existing  VOR,  NDB, 
and  RNAV  approaches.  In  tests  undertaken  in  conjunction  with 
Transport  Canada,  FAA  has  tested  and  approved  instrument  ap- 
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proach  overlay  procedures  that  will  permit  nonprecision  approaches 
at  over  2,500  airports  in  the  U.S.  Ajid  we  have  issued  certification 
criteria  for  these  GPS  receivers,  which  are  expected  to  be  available 
for  U.S.  manufacturers  this  fall. 

By  the  end  of  year,  we  anticipate  that  DOD  will  declare  the  ini- 
tial operational  capability  for  GPS.  However,  even  before  this  for- 
mal aeclaration,  we  have  begun  to  use  GPS  in  the  domestic  and 
oceanic  airspace. 

Frankly,  I  believe  that,  by  any  reasonable  measure  of  achieve- 
ment, we  have  made  significant  progress.  In  fact,  I  must  tell  you 
that  this  is  the  first  time  that  I  can  remember  that  the  FAA  has 
had  procedures  in  place  for  new  technology  before  the  certified  avi- 
onics have  become  available. 

Let  me  state  quickly,  however,  that  we  are  well  aware  of  the 
need  to  continue  this  progress,  not  alone,  but  in  a  coordinated  way 
with  the  aviation  community. 

While  we  are  both  satelUte  enthusiasts,  please  be  assured  that 
we  are  mindful  of  the  safety  implications  of  this  system  and  are 
taking  all  necessary  steps  to  ensure  that  the  future  system  will  be 
at  least  as  safe  and  reliable  as  the  systems  that  have  served  us  so 
well  over  the  past  decades. 

Nonetheless,  it  is  absolutely  true  that  the  system  has  the  poten- 
tial of  providing  substantially  more  capability  at  enhanced  levels  of 
safety  and  integrity  through  the  proper  mixture  of  satellite  tech- 
nology, separate  integrity  and  monitoring  systems  data  links,  cock- 
pit, and  ATC  automation. 

I  ask  that  the  Subcommittee  focus  again  on  the  combination  of 
technologies  because  that  is  what  is  really  needed — GPS  for  preci- 
sion navigation,  data  link  for  error-free  computer-to-computer  com- 
munications, and  ATC  and  flight  automation  to  develop  the  needed 
capabilities  for  all  elements  of  aviation. 

The  movement  to  this  new  technology  must  be  done  in  a  coordi- 
nated way  with  the  entire  aviation  community. 

About  18  months  ago,  FAA  asked  RTCA  to  be  the  forum  for  the 
development  of  a  U.S.  aviation  industry-wide  consensus  for  moving 
towards  satellite  navigation.  That  landmark  effort  was  completed 
in  September  of  1992,  and  resulted  in  broad  community  support  for 
early  transition  to  GPS  and  satellite  technology. 

In  fact,  we  expect  to  make  continued  use  of  RTCA,  as  well  as  nu- 
merous other  coordinating  mechanisms  to  help  this  whole  transi- 
tion move  ahead.  You  hear  in  these  hearings  of  the  need  to  con- 
tinue that  coordination,  and  we  are  very  mindful  of  that. 

It  seems,  however,  that  we  can  never  do  enough  to  ensure  that 
the  whole  effort  proceeds  in  close  coordination.  There  is  a  lot  of  ac- 
tivity under  way,  and  now  there  will  be  more  to  follow. 

I  would  like  to  talk  a  moment  about  the  international  scene.  We 
have  been  working  with  ICAO  to  foster  the  introduction  of  satellite 
technologies  for  worldwide  aviation  applications.  ICAO  has  decided 
to  develop  what  it  calls  a  Global  Navigation  Satellite  System,  or 
GNSS.  It  looks  like  it  is  going  to  take  ICAO  some  time  to  finally 
decide  on  the  details  of  its  international  system. 

So  in  an  effort  to  get  on  with  the  early  introduction  of  satellite 
technology  for  aviation,  the  U.S.  Government  formally  offered  the 
Standard  Positions  Service  component  of  GPS  to  ICAO  as  a  transi- 
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tion  step  to  enable  early  movement  toward  satellite  navigation 
while  their  GNSS  is  being  defined. 

Over  the  next  years,  you  are  going  to  hear  a  lot  of  discussion  of 
both  GNSS  and  GPS.  It  is  important  to  understand  at  least  the 
conceptual  difference  between  those  two  systems.  GNSS,  the  Global 
Navigation  Satellite  System,  is  the  ICAO  system.  Its  full  definition 
may  take  many  years.  ICAO  probably  won't  be  satisfied  with  just 
a  technical  definition,  but  it  is  not  going  to  get  into  issues  of  insti- 
tutional and  legal  arrangements  before  full  implementation. 

Ultimately,  we  believe  that  GNSS  will  be  made  up  of  a  mix  of 
systems  provided  by  the  individual  states,  of  which  GPS  will  be  a 
component. 

Nonetheless,  Mr.  Chairman,  we  should  not  wait  for  GNSS  in 
order  to  get  on  with  GPS.  There  is  no  question  that  we  want  to 
move  with  the  international  system  as  rapidly  as  we  can,  and  we 
will  push  ICAO  to  do  that.  But  even  our  most  optimistic  estimates 
of  time  frame  are  not  very  optimistic.  While  GNSS  is  evolving  and 
being  defined,  we  can  capture  the  benefits  of  GPS  in  parallel  and 
believe  that  that  can  be  done  in  a  way  that  GPS  will  be  a  compat- 
ible part  of  any  future  system  or  at  least  a  stepping  stone  to  the 
future  system. 

There  has  been  confusion  about  this  posture  and  confusion  about 
what  is  going  on  internationally.  The  article  that  appeared  in  some 
trade  press  yesterday  did  not  indicate  that  ICAO  has  rejected  GPS. 
In  fact,  what  the  article  really  meant  to  say  was  that  ICAO  is  try- 
ing to  deal  with  what  is  going  on  beyond  the  time  frame  of  GPS. 

This  is  going  to  be  a  continuing  issue  with  us,  and  we  will  ex- 
plore that  in  the  course  of  these  hearings.  In  the  long  term,  there 
are  still  a  number  of  legitimate  policy  and  technical  issues  to  ad- 
dress as  we  begin  to  rely  on  this  new  technology,  and  begin  to 
make  plans  to  phase  out  the  old  systems. 

You  have  heard  from  the  Secretary  on  efforts  underway  at  senior 
levels  to  assure  that  GPS  is  a  National  system,  usable  to  all  modes 
of  transportation,  not  just  aviation. 

What  we  need  is  a  government  strategy,  not  just  an  FAA  strat- 
egy; and  we  are  well  aware  of  that.  The  military  mode  of  GPS  is 
reserved  for  defense  applications  and  for  national  security  reasons, 
and  has  not  been  made  generally  available. 

The  civil  mode,  what  is  called  the  Standard  Positions  System,  is 
available  to  any  user.  The  basic  system  will  provide  significant  im- 
provement over  existing  methods  of  navigation  but  will  need  aug- 
mentation to  meet  the  full  range  of  anticipated  civil  needs. 

To  provide  this,  we  are  developing  a  system  called  Differential 
GPS,  which  will  enhance  the  accuracy  of  GPS  for  all  users  within 
coverage.  It  will  correct  for  errors  in  the  satellite  signals  and  trans- 
mit error  correction  messages  directly  to  the  aircraft  receivers. 

GPS,  with  this  differential  capability,  should  allow  precision  ap- 
proaches at  a  very  modest  cost  at  virtually  every  runway  end  in 
the  world.  Think  of  it:  every  runway  end  in  the  world,  at  a  very 
modest  cost. 

In  fact,  we  brought  with  us  one  of  the  black  boxes  that  might  be 
required  at  an  airport  to  require  that  capability,  the  so-called  "local 
differential."  It  is  a  very  small  device,  significantly  less  expensive 
than  an  Instrument  Landing  System,  and  conceivably,  could  pro- 
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vide  approaches  with  a  single  device,  as  opposed  to  need  for  sepa- 
rate devices  at  each  runway  end. 

Mr.  PozESKY.  We  are  even  exploring  the  application  of  GPS  to 
airport  surface  operations  for  pilot  navigation  around  the  surface 
of  an  airport.  Even  an  improved  GPS-based  TCAS,  which  we  have 
begun  to  call  TCAS  IV,  is  clearly  possible  with  this  technology. 

Again,  in  order  to  move  ahead  in  a  coordinated  way,  we  are  cur- 
rently, through  RTCA  and  vnth  the  community,  on  what  we  call 
Task  Force  Two,  which  will  result  in  community  agreement  on  a 
standard  design  to  use  these  differential  systems. 

We  have  purchased  some  local  systems  for  initial  use  and  antici- 
pate asking  for  full  implementation  funds  as  soon  as  we  get  these 
standards  systems  agreed  to  and  a  design  finalized. 

In  the  longer  term,  we  see  many  exciting  possibilities.  We  are 
continuing  R&D  on  the  ability  of  GPS  to  support  such  functions  as 
weather  prediction,  airport  surface  navigation,  height  monitoring 
over  the  oceans,  even  aircraft  attitude — and  I  mentioned  TCA&— 
to  name  only  a  few. 

The  actual  development  of  the  operational  procedures  and  stand- 
ards is  a  primary  function  of  what  we  call  our  FAA  Satellite  Oper- 
ation Implementation  Team,  or  SOIT.  This  team  was  formed  in 
1991  to  do  the  operational  work  and  get  us  ready  for  the  early 
achievement  of  the  GPS  capability.  SOIT's  aggressive  pursuit  of 
this  early  capability  has  resulted  in  the  development  of  these  TSO's 
which  redefine  the  minimal  operating  performance  standards  to 
permit  navigation,  thus  increasing  GPS  effectiveness. 

Mr.  Chairman,  this  is  an  exciting  time.  We  are  pursuing  the 
technology  as  rapidly  as  possible  and  being  mindful  of  the  need  to 
take  the  necessary  steps  to  ensure  the  system  will  be  as  safe  and 
reliable  as  the  systems  that  have  served  us  so  well  over  the  past 
decade. 

I  have  personally  never  witnessed  so  much  excitement  and  en- 
thusiasm, either  inside  the  FAA  or  in  the  aviation  community, 
about  the  rapid  adoption  of  this  technology.  And  I  can  assure  you 
that  the  FAA  will  remain  in  the  forefront  of  that  movement. 

Thank  you  again.  Tony  and  I  would  be  pleased  to  respond  to 
your  questions. 

Mr.  Oberstar.  Thank  you  very  much  for  a  splendid  and  com- 
prehensive review  of  the  technology. 

Mr.  Broderick,  you  don't  have  a  separate  statement? 

Mr.  Broderick.  No,  sir. 

Mr.  Oberstar.  All  right.  It  has  been  said  by  other  observers  of 
the  scene  that,  to  make  this  system  fully  effective  and  functional, 
you  are  going  to  need  an  automated  data  relay  system  to  the  cock- 
pit so  that  digital  information  will  show  up  in  the  cockpit  in  addi- 
tion to  the  voice  transmission. 

Often  voice  transmissions  get  confused  or  are  not  followed  appro- 
priately or  people  forget  the  information.  But  a  digital  read  out  in 
the  cockpit,  on  a  computer  will  make  it  less  likely  that  there  will 
be  mistakes  made. 

An  automated  traffic  management  system  is  a  concept  that  has 
been  advanced  and  is  being  developed. 

Where  does  that  stand  in  relationship  to  the  progress  we  are 
making  on  GPS? 
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Mr.  POZESKY.  Mr.  Chairman,  there  is  no  question  that  that  is 
correct.  GPS,  by  itself,  will  provide  navigation;  but  the  full  benefits 
require  this  data  link. 

Again,  we  are  talking  about  a  technology  that  has  already  been 
invented.  There  are  many  data  links  around  from  which  we  can 
choose  to  do  this  job. 

The  key  is  to  get  a  community  agreement  on  which  data  link  we 
are  going  to  use,  so  that  the  differential  information  provided  at 
each  airport  is  provided  in  the  same  way  so  that  the  aircraft  don't 
have  to  carry  five,  six,  seven,  or  eight  different  kinds  of  data  links. 

That  is  what  RTCA  is  now  working  on  with  us,  Task  Force  Two. 
One  of  their  first  products  will  be  a  recommendation  on  which  of 
those  data  links  we  need  to  use  for  this  differential  correction  capa- 
bility. And  we  will  move  very  rapidly  with  that. 

Today  we  can  provide  that  capability  through  a  number  of  dif- 
ferent ways.  Our  objective  is  to  go  to  an  industry-wide  standard  so 
that  we  can  all  be  assured  we  won't  have  throw-away  equipment. 
And  we  hope  to  be  able  to  be  in  that  posture  by  this  fall  and  move 
out  rapidly  on  a  standard  design  for  all  of  aviation's  data  link  ap- 
plication. 

Mr.  Oberstar.  Thank  you.  I  appreciate  the  FAA's  approach  to 
technology,  proving  it  out,  taking  the  time,  making  sure  it  is  going 
to  work,  making  sure  it  works  under  all  the  stressful  and  varying 
kinds  of  conditions. 

But  some  say,  as  so  often  in  the  past,  that  it  isn't  moving  fast 
enough  or  broadly  enough  on  this  or  the  other  technology.  In  this 
case,  I  think  you  have  got  regulations  already  in  the  works  before 
the  technology  is  in  place.  I  think  you  have  moved  much  faster,  as 
I  said  in  my  opening  remarks,  than  on  most  other  technologies. 

Are  there  some  aspects  of  the  program  that  can  be  accelerated? 
And  what  resources  would  you  need  to  do  so? 

Mr.  PozESKY.  Mr.  Chairman,  we  are  continuing  to  search  our- 
selves to  answer  that  question. 

I  would  be  wrong  if  I  told  you  that  there  was  no  possible  way 
to  accelerate  this  effort.  We  are  looking  for  that  every  day  of  the 
week. 

We  have,  for  example,  just  last  week,  decided  to  begin  to  write 
the  detailed  specifications  for  this  differential  system,  kind  of  leav- 
ing a  blank  for  the  data  link  so  we  can  fill  this  in  when  we  get  the 
information  and  get  our  internal  process  started. 

The  funding  right  now  is  adequate  for  us  to  proceed.  We  are 
moving  rapidly.  We  are  constantly  talking  about  ways  to  accelerate 
this  program,  and  I  cannot,  at  this  sitting,  identify  anything  more 
that  we  should  be  doing  that  we  are  not.  That  is  not  to  say  that 
we  won't  identify  something  a  month  from  now  or  two  months  from 
now  and  try  to  move  that  rapidly.  But  at  this  time,  I  have  to  hon- 
estly say  that  we  are  moving  as  rapidly  as  is  prudent  to  pursue 
this  technology. 

Mr.  Oberstar.  Thank  you  very  much.  I  will  withhold  any  ques- 
tioning until  later. 

Mr.  dinger. 

Mr.  Clinger.  Thank  you,  Mr.  Chairman.  And,  gentlemen,  thank 
you  for  your  testimony. 
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Apparently,  the  trade  press  was  a  little  misleading.  I  had 
gleaned  from  it  that  you  all  were  disappointed  that  decision  was 
taken  by  them.  Can  you  clarify? 

In  other  words,  you  are  now  saying  that  the  GPS  will  be  part  of 
an  evolving  system,  that  it  is  going  to  presumably  remain  compat- 
ible with  the  international  system  that  is  going  to  take  much 
longer  to  develop  and  have  in  place. 

Mr.  PozESKY.  Let  me  try  to  take  a  minute  and  try  to  describe 
that  because,  again,  there  has  been  lots  of  confusion.  I  read  the  ar- 
ticle myself,  and  I  came  to  exactly  the  instantaneous  conclusion 
you  came  to;  and  I  had  to  go  check  it  out  and  find  out  what  the 
background  was.  So  there  has  been  confusion  about  what  is  going 
on  internationally. 

ICAO  has  a  committee  which  was  called  FANS,  Future  Air  Navi- 
gation Systems,  which  is  defining  the  standard  ICAO,  let  me  use 
that  term,  satellite  system. 

That  committee  is  defining  the  characteristics  and  has  rec- 
ommended that  the  GNSS  system  incorporate  GPS  and  any  other 
satellite  system  that  other  entities  may  provide.  The  Russians  have 
a  system  that  may  or  may  not  be  a  part  of  this  system.  There  are 
other  nations  that  are  talking  about  launching  a  satellite. 

So  where  ICAO  is  moving  is  to  adopt  an  overall  architecture 
which  will  make  use  of  new  systems  as  they  are  fielded,  as  they 
become  available.  That  is  the  general  strategy. 

What  that  article  was  talking  about  yesterday  was  a  paper  that 
was  written  about  what  do  you  do  when  GPS  may  not  be  available 
any  longer.  It  was  a  very,  very  far-reaching  paper,  trying  to  look 
generically  at  the  characteristics  of  an  ICAO  system. 

But  ICAO  has  not  disregarded  or  rejected  GPS.  In  fact,  I  think 
virtually  everyone  I  talk  to  wants  to  get  on  with  using  GPS  and 
take  advantage  of  the  capability  while  this  international  definition 
is  going  on. 

Mr.  Clinger.  Thank  you.  That  is  somewhat  reassuring,  I  think, 
from  what  I  have  been  led  to  believe. 

Could  you  talk  a  little  bit  about  the  dilemma  with  regard  to  MLS 
and  GPS  if,  in  fact,  GPS  is  going  to  be  in  a  position  to  do  precisely 
what  MLS  is  designed  to  do? 

How  do  we  resolve  that,  in  other  words,  and  still  keep  within  the 
international  agreements  with  regard  to  MLS? 

Mr.  PozESKY.  I  will  start,  and  Tony  can  join  in  and  help  here. 

First  of  all,  let  me  say  there  is  no  question  that  the  MLS-GPS- 
ILS  dilemma  is  just  that,  a  dilemma.  GPS  offers  a  great  deal  of  po- 
tential. And  the  key  revolves  around  just  how  far  up  the  precision 
landing  ladder  we  can  go  with  this  technology  and  still  have  con- 
fidence. 

As  you  know,  precision  landing  capability  comes  in  three  flavors: 
Category  I,  Category  II,  and  Category  III.  There  is  no  question  in 
our  mind  that  the  first  level  Category  I  capability  can  be  provided 
by  GPS.  In  the  U.S.,  that  is  a  big  deal  because  of  the  roughly  1,000 
Instrument  Landing  Systems  we  have,  700  of  them  Category  I.  So 
that  would  be  a  big  payoff  for  us. 

Internationally,  for  example,  in  the  U.K.,  they  don't  have  any 
Category  I  landing  systems.  All  of  their  landing  systems  were  low- 
visibility  Category  II,  Category  III.  So  they  need  to  get  GPS  to  a 
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higher  level  of  capability  before  they  can  say  they  have  no  need  for 
MLS,  if  they  were  ever  to  say  that. 

So  there  is  a  genuine  dilemma  on  how  far  up  this  ladder  we  are 
going  to  be  able  to  push  GPS,  We  are  doing  R&D  right  now  to  de- 
velop Category  II  and  III  capabilities  for  GPS,  as  well  as  Category 
I.  But  we  are  not  across  the  finish  line  yet. 

We  are  going  to  have  to  proceed  with  both  technologies  until  we 
either  decide  that  we  are  not  going  to  get  to  where  we  want  to  in 
the  very  near  term  with  GPS  or  we  get  across  the  finish  line. 

We  are  targeting  1995  as  to  when  we  will  have  that  answer.  In 
the  meantime,  we  need  to  continue  the  development  of  both  sys- 
tems until  we  have  that  answer. 

Mr.  Clinger.  Some  have  suggested,  where  the  satellites  are 
going  to  be  in  position  and  ready  to  go,  that  the  flight  procedures 
that  you  are  charged  with  developing  are  not  going  to  be  ready  to 
go.  Is  that  a  problem? 

We  talked  a  little  bit  about  that  already.  Hopefully  we  are  going 
to  coordinate  its  development  so  that  we  won't  have  a  system  in 
place  that  we  can't  use. 

Mr.  Broderick.  Absolutely.  What  we  are  trying  to  do.  Congress- 
man, is  take  advantage  incrementally  of  GPS  technology  as  we  can. 

We  started  out,  for  example,  with  en  route  capabilities  being  ap- 
proved for  what  was  called  a  multisensory  system  where  GPS  was 
only  one  of  the  inputs. 

We  have  then  gone  to  an  overlay  program  and  an  en  route  pro- 
gram with  the  TSO  we  now  have  out,  which  enables  you  to  build 
a  GPS  receiver  and  put  it  in  an  airplane  and  have  it  certified  for 
all  en  route  operations  and  all  nonprecision  operations. 

You  are  right,  we  need  to  work  on  procedures;  and  we  are  doing 
that  incrementally.  We  have  air  traffic  people  literally  housed  with 
the  SOIT  that  Marty  talked  about;  the  operational  implementation 
team  is  working  daily  on  that. 

The  benefit  of  GPS  is  not  in  the  technology,  but  it  is  in  the  use 
of  the  technology  with  procedures.  We  are  acutely  aware  of  that 
and  working  on  it  every  day. 

Mr.  Clinger.  Thank  you. 

Thank  you,  Mr.  Chairman. 

Mr.  Oberstar.  Mr.  Geren. 

Mr.  Geren.  Thank  you,  Mr.  Chairman. 

In  your  testimony,  the  written  testimony,  in  the  way  you  talked 
about  the  outstanding  cooperation  that  has  been  between  the  DOD 
and  FAA  in  this  area,  are  there  further  opportunities  there  for  co- 
operation? 

Obviously,  this  is  a  technology  with  tremendous  military  applica- 
tion as  well  as  civil  aviation  application.  And  I  just  wondered  if 
there  is  more  that  can  be  explored  there,  and  perhaps  that  is  some- 
thing the  Armed  Services  Committee  ought  to  also  look  into  to  see 
if  this  is  something  that  this  cooperation  could  be  expanded  and 
built  on. 

Mr.  POZESKY.  The  simple  answer  is,  yes,  there  is  a  great  deal 
more  that  is  being  looked  at  for  joint  civil-military  cooperation. 

But  I  would  like  to  take  the  opportunity  to  say  very  simply  that 
I,  at  least,  am  sensitive  to  the  fact  that  the  folks  who  invented  the 
GPS  system  20  years  ago  put  a  civil  mode  into  that  system.  They 
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didn't  have  to  do  that.  That  was  a  visionary  view  of  the  world.  And 
if  they  hadn't  done  that,  we  wouldn't  be  having  this  conversation 
today. 

So  our  hats  need  to  go  off  for  at  least  that  amount  of  vision  that 
DOD  has  shown  in  providing  a  civil  capability. 

Cooperation  has  been  excellent.  They  have  been  with  us  on  all 
of  our  international  meetings.  The  U.S.  Government's  offer  of  use 
of  GPS  worldwide  was  facilitated,  coordinated,  and  endorsed  by  the 
Defense  Department.  So  while  there  are  legitimate  national  secu- 
rity issues  and  legitimate  issues  of  management,  I  want  to  make 
it  clear  that  we  think  cooperation  thus  far  has  been  great. 

We  are  looking  further  downstream.  At  the  possibility  of,  5,  10, 
or  15  years  from  now,  other  enhancements  to  tne  GPS  system  sat- 
ellites that  we  want  to  do  jointly,  There  are  certain  R&D  things 
you  could  do  to  even  enhance  the  capability.  We  see  them  as  being 
done  jointly  with  DOD. 

There  are  things  about  this  differential  capability  where  we 
could  also  make  use  of  defense  satellites.  There  are  also  activities 
for  joint  management  of  this  activity  that  we  are  exploring,  as  the 
Secretary  indicated.  It  is  not  beyond  the  realm  of  possibility  that 
we  could  talk  of  even  enhancing  the  capability  of  this  GPS  con- 
stellation with  a  couple  of  civil  satellites. 

If  that  happens,  it  needs  to  be  done  in  a  coordinated  way.  And 
we  see  that  further  enhancement  as  a  real  possibility. 

Mr.  Geren.  Well,  as  you  know,  these  days  with  the  defense 
budget,  we  are  looking  to  develop  dual  use  technologies  and  also 
looking  at  conversion  opportunities.  And  it  would  seem  that  the  op- 
portunities presented  by  an  expanded  partnership  in  this  area 
would  fit  very  well  into  many  of  the  themes  that  the  Armed  Serv- 
ices Committee,  in  the  House  anyway,  is  pushing.  And  I  wondered 
if  this  wouldn't  be  something  that  perhaps  the  Armed  Services 
Committee  shouldn't  also  be  briefed  on  with  the  hopes  that  we 
could  facilitate  further  cooperation  as  we  move  forward  with  this? 

Mr.  PozESKY.  I  am  sure  both  the  FAA  and  the  Defense  Depart- 
ment would  be  happy  to  do  that. 

Let  me  also  say  that  one  of  the  things  that  the  Secretary's  task 
force  is  looking  at  is  the  issue  of  sustaining  GPS  capability  in  the 
long  term.  And  that  includes  everything  from  long-term  funding 
mechanisms  to  long-term  management  mechanisms.  That  is  being 
addressed  as  part  of  the  task  force. 

Mr.  Geren.  It  is  sure  exciting  technology,  and  I  think  it  is  some- 
thing that  has  tremendous  potential  for  cooperation. 

You  mentioned  long-term  funding 

What  sort  of  cost  are  we  talking  about  looking  down  the  road? 
And  are  there  innovative  financing  ideas  being  considered  outside 
of  just  the  traditional  or  conventional  government  funding  ap- 
proaches? 

Mr.  PozESKY.  The  simple  answer  is,  yes,  there  are  innovative 
ideas.  Let  me  answer  the  cost  question  first. 

These  GPS  satellites  are  supposed  to  have  an  average  life  of 
around  seven  to  seven-and-a-half  years.  They  are  actually  lasting 
longer,  but  that  is  what  the  average  life  is  supposed  to  be. 

We  believe  that  the  replenishment  of  satellites  and  the  mainte- 
nance is  going  to  cost  250,  maybe  $300  million  a  year.  While  that 
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is  a  substantial  sum,  I  have  got  to  tell  you  that,  as  compared  to 
the  cost  we  put  into  the  ground  systems  that  may  ultimately  be  re- 
placed by  this  technology,  it  is  not  a  substantial  sum.  So  there  is 
significant  cost  benefit  to  be  had. 

We  are  talking,  as  I  said,  $50  million  for  a  satellite  launch,  two 
to  three — maybe  300  to  $400  million  a  year  for  maintenance  of  the 
current  GPS  system. 

There  are  lots  of  discussions  going  on  about  financing  mecha- 
nisms, and  I  have  personally  had  discussions  that  range  as  far  as 
general  fund  revenues,  to  joint  sharing  in  transportation  trust 
funds  and  general  funds,  to  corporate  mechanisms  for  long-term 
funding  of  the  GPS. 

Mr.  Geren.  You  mean  corporate  private  funding? 

Mr.  PozESKY.  Yes,  that  kind. 

Mr.  Geren.  Public-private  partnerships? 

Mr.  Pozesky.  Yes.  I  don't  think  any  of  that  is  settled.  But  all  of 
those  concepts  are  being  explored. 

Mr.  Geren.  I  see  the  red  light  is  on.  I  thank  you  for  your  testi- 
mony. 

Mr.  Chairman,  thank  you  for  having  this  hearing. 

Mr.  Oberstar.  The  gentleman  from  New  York,  Mr.  Levy. 

Mr.  Levy.  Thank  you,  Mr.  Chairman. 

Good  morning,  Mr.  Pozesky.  I  agree  with  the  gentleman  who  said 
that  the  technology  we  are  talking  about  is  very  exciting  and  I 
think  very,  very  valuable.  But  I  am  led  to  believe,  from  something 
that  I  have  read,  and  I  am  not  even  sure  where,  that  GPS  is  sub- 
ject to  jamming.  And  I  am  wondering  if  you  can  comment  on  that. 

And  if  that  is  true,  what  can  be  done  in  order  to  prevent  someone 
from  interfering  with  a  system  of  that  importance? 

Mr.  Pozesky.  I  need  to  start  my  answer  by  saying,  yes,  GPS  is 
susceptible  and  could  be  susceptible  to  jamming.  But  I  need  to  add, 
virtually  any  radio  navigation  system,  such  as  VOR's  and  DNA's, 
are  also  subject  to  jamming.  So  that  is  a  concern. 

I  need  to  also  say  that,  while  it  is  a  technical  concern,  it  is  not 
a  safety  concern  because  one  of  the  things  we  are  doing  in  our  GPS 
design  is  putting  in  place  what  we  call  an  integrity  system,  which 
will  automatically  alert  the  pilot  if  there  is  any  problem  with  the 
GPS  system.  So  if  jamming  were  to  occur,  the  pilot  would  get  an 
indication  of  that  and  would  know,  therefore,  to  either  go  to  a  dif- 
ferent satellite  or  not  use  the  GPS  system  or  use  some  other  way 
to  do  that  landing.  So  it  is  not  a  safety  system. 

We  are  looking  into  ways  to  increase  GPS  jamming  protection.  It 
does  not,  at  the  moment,  look  like  casual,  inadvertent  jamming  will 
be  a  problem.  It  looks  like  it  would  have  to  be  very  deliberate.  We 
are  doing  tests.  That  is  one  of  the  hurdles  we  need  to  overcome 
that  the  Chairman  mentioned.  We  need  to  really  be  able  to  rely  on 
what  we  call  a  sole  means  system.  We  are  moving  to  address  that 
issue. 

Mr.  Levy.  If  we  go  to  a  GPS  system,  do  we  maintain  some  sort 
of  redundancy  so  if  there  is  a  problem,  there  is  another  system  to 
fall  back  on? 

Mr.  Pozesky.  That  is  clearly  a  possibility.  Right  now  that  is  the 
way  we  are  going  to  introduce  GPS.  We  are  not  going  to  start  phas- 
ing out  anything.  We  are  going  to  introduce  it  along  with  the  other 
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ground  systems  that  we  have.  As  we  understand  these  issues  bet- 
ter, the  possibility  really  exists  that  we  may  elect  to  withdraw 
some  of  these  other  services  from  a  cost  benefit  viewpoint.  But  we 
are  not  going  to  do  that  precipitously. 

Mr.  Levy.  The  other  issue  I  wanted  to  raise  with  you  stems  from 
the  fact,  when  you  send  a  satellite  11,000  miles  into  the  air,  what 
it  generates  is  often  available  in  the  international  community  and 
not  limited  to  those  of  us  here  in  the  United  States. 

To  what  extent  is  this  technology  being  embraced  in  the  inter- 
national community? 

And  to  those  of  us  who  are  concerned  with  how  we  pay  for  these 
types  of  systems,  is  there  some  international  option  that  we  should 
be  exploring? 

Mr.  PozESKY.  Well,  the  answer  to  your  first  question  is,  to  a 
great  extent,  we  believe  the  international  community  will  elect  to 
take  advantage  of  this  technology  because,  as  you  have  already  ob- 
served, it  is  there;  they  can  use  it. 

The  Canadians,  for  example,  are  even  more  enthusiastic  about 
the  movement  than  we  are,  if  you  can  believe  that.  And  they  are 
moving  rapidly  toward  the  implementation,  as  well  as  many  other 
countries.  In  a  continent  like  Africa  where  there  are  countries  that 
don't  have  a  lot  of  the  ground  infrastructure,  GPS  is  a  natural.  So 
you  will  see  this  technology  being  used. 

We  have  looked  at  the  issue  of  how  to  pay  for  it,  and  that  is  one 
of  the  things  that  we  are  exploring.  One  of  the  characteristics  of 
the  system  is  that  it  is  a  broadcast  system  like  a  television  system, 
and  it  only  requires  receivers  to  make  use  of  it.  So  it  is  probably 
not  practical  to  charge  a  direct  user  fee  for  the  use  of  the  GPS  sys- 
tem. 

Now,  as  we  introduce  these  other  differential  capabilities,  we 
talk  about  what  we  call  value-added  services.  Those  capabilities, 
for  example,  are  going  to  be  paid  for  probably  locally,  and  I  will 
give  you  an  example.  If  the  FAA  were  to  field  a  differential  ground 
network  through  its  appropriation  process,  we  would  use  F&E 
funds,  that  is  also  a  user-based  fund.  So  I  would  argue  that  al- 
though there  is  no  direct  user  charge,  there  are  user  fees  associated 
with  those  value-added  services.  That  is  the  way  I  see  this  evolv- 
ing. 

Mr.  Levy.  But  this  will  strictly  be  a  system  that  is  built  and  paid 
for  by  the  United  States  of  America  and  probably  will  have  benefits 
for  the  world? 

Mr.  PozESKY.  At  the  moment,  I  would  say,  yes,  that  looks  like 
where  we  are  heading. 

Now,  there  are  fees  that  go  into  the  trust  fund  for  international 
operators.  But,  you  know,  the  essential  answer  to  your  question  is, 
yes. 

Mr.  Levy.  I  see  the  red  light.  I  thank  you  for  your  testimony. 

I  thank  you,  Mr.  Chairman. 

Mr.  Oberstar.  I  would  like  to  supplement  what  the  gentleman 
was  saying. 

While  the  United  States  is  offering  this  technology  free  and  oth- 
ers are  using  it  free,  this  technology  is,  like  so  much  other  tech- 
nology that  we  offer  through  the  FAA  and  through  their  certifi- 
cation process  as  the  flying  wedge.  This  opens  the  way  for  U.S. 
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commercial  sales  in  many  other  technologies,  and  by  continuing  to 
be  the  world  leader  through  this  type  of  offering,  we  are  opening 
the  door  for  a  whole  range  of  other  commercial  opportunities  for 
American  technologies. 

And  eventually  I  think  there  probably  will  be  some  sort  of  a  fee- 
based  system,  but  that  is  far  off  in  the  future.  I  think  we  need  to 
get  this  developed.  The  gentleman  raised  a  very  important  point. 

Mr.  Levy.  I  understand,  and  I  don't  oppose  the  system  on  that 
basis  at  all. 

Mr.  Oberstar.  The  gentleman  was  raising  a  very  important 
point;  and  I  thought,  as  a  footnote,  we  ought  to  mention  there  are 
some  tangible,  as  well  as  intangible,  benefits  that  translate  into  big 
bucks. 

Mr.  Levy.  I  am  merely  wondering  aloud  as  to  whether  or  not 
there  are  others  benefiting  where  we  ought  to  be  thinking  about 
their  participation. 

Mr.  Oberstar.  Let's  get  them  hooked  first,  and  then  we  will  tax 
them. 

Mr.  Inhofe? 

Mr.  Inhofe.  Thank  you,  Mr.  Chairman.  First  of  all,  I  apologize 
for  not  being  here.  This  meeting  coincided  with  an  Investigation 
and  Oversight  Subcommittee  meeting  that  we  were  having  one 
floor  up,  and  I  am  the  Ranking  Member  on  that  subcommittee;  so 
I  had  to  be  there.  Upstairs  we're  talking  about  PFCs,  so  I  am 
transitioning  from  the  PFC  to  the  GPS. 

Let  me,  first  of  all,  address  something  Mr.  Levy  mentioned.  It  is 
my  understanding  that  there  wouldn't  be  a  way,  even  if  it  were  de- 
sirable, to  force  a  shutdown  in  certain  areas  or  to  certain  others 
who  may  want  to  use  it. 

Is  that  correct? 

Mr.  Broderick.  The  best  answer  I  can  give  to  that  is  that  any- 
thing is  conceivable  with  modem  technology,  but  you  can't  selec- 
tively shut  it  down  for  individual  users. 

U.S.  international  airlines  are  going  to  be  counting  on  this  sys- 
tem all  over  the  world  just  like  local,  domestic  airlines  will.  The 
best  insurance  that  people  have  against  something  like  that  being 
done  is  that  United  or  Delta  or  American  or  TWA  would  be  equally 
as  adversely  affected  as  the  local  airlines.  So  it  is  not  something 
that  is  a  practical  matter  to  worry  about. 

Mr.  Inhofe.  If  the  Chair  will  give  me  a  little  bit  of  latitude  on 
time,  since  I  didn't  have  an  opportunity  for  an  opening  statement, 
I  would  like  to  start  off  with  just  a  testimonial  on  the  GPS  system 
for,  perhaps,  some  of  my  colleagues  as  well  as  maybe  some  of  the 
people  here. 

A  year — a  little  over  a  year  ago,  I  flew  a  small  airplane  around 
the  world.  I  had  all  kinds  of  navigation  aids,  but  what  I  used  was 
a  Trimble  TNL  780  and  a  Trimble  TNL  3,000.  At  no  point  all  the 
way  around  the  world  did  we  lose  satellites  where  we  were  not  able 
to  use  our  GPS  system.  Going  across  the  former  Soviet  Union,  they 
have  a  rule  that  you  have  to  use  a  Soviet  navigator. 

So  I  picked  up  a  Soviet  navigator.  He  didn't  know  GPS  from 
PFC.  He  didn't  know  there  was  such  a  thing,  and  I  can  remember 
so  well  all  they  had  had  was  NDB,  which,  of  course,  is  a  very  inac- 
curate, ancient  system  of  low  frequency  navigation.  I  can  remember 
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several  times  going  into — under  really  low  limits  even  though  they 
didn't  have  published  limits  there,  getting  the  coordinates  of  an 
airport  in  like  Sovetskaya  in  northwestern  Siberia  and  shooting  an 
instrument  approach.  This  guy  was  so  impressed  that  we  did  NDB 
so  well.  It  was  with  GPS  all  the  time. 

I  think  that  we  have  a  problem  with  this  system.  I  am  also  on 
Armed  Services,  and  I  am  trjdng  to  get  some  bare  minimum  navi- 
gation equipment  on  some  of  our  heavy  equipment  that  we  are  fly- 
ing around.  We  actually  have  sextants  hanging  out  of  the  ceiling 
and  still  are  using  NDB  and  some  of  the  oldest  of  the  VOR  boxes. 

But  it  is  so  cheap  now,  this  unit  that  you  have  there,  that  flight 
mate.  That  is  a  garment,  the  one  you  are  holding  there.  They  es- 
sentially do  the  same  thing.  I  have  one  of  those  flight  mates  on  a 
small  airplane.  They  now  sell  for  $740.  That  unit  can  do  almost  ev- 
erything. It  doesn't  have  all  the  wave  points  that  others  have.  I 
don't  think  it  has  intersections,  but  everything  except  intersections 
is  in  it  for  navigation  purposes.  And  it  is  being  used  right  now,  and 
we  need  to  expand  the  use  of  it. 

The  problem  we  have  in  government  procurement  is,  by  the  time 
you  make  a  decision  whether  or  not  you  are  going  to  buy  some- 
thing, you  go  in  at  those  prices  and  then  you  are  missing  bujdng 
it  at  one-third  the  price  when  you  get  ready  to  do  it. 

Now,  my  question  I  have  and  my  main  interest  in  this  is,  what 
kind  of  progress  are  we  making  in  using  this  as  a  certified  ap- 
proach system? 

I  know  that  you  are  working  on  it,  and  I  know  there  are  a  lot 
of  things  that  have  been  brought  up  in  this  hearing,  even  though 
I  wasn't  here  to  hear  them,  that  are  obstacles  you  must  overcome. 
But  I  would  kind  of  like  to  get  a  status  report  as  to  where  we  are 
at  this  time. 

Mr.  Broderick.  Well,  you  are  right;  that  is  the  sort  of  key  to 
benefiting  from  GPS.  We  have,  as  you  may  be  aware,  implemented 
the  overlay  program  in  the  United  States  which,  in  conjunction 
with  a  receiver  that  is  certified  to  the  technical  standard  order  that 
we  issued  December  10th  of  last  year,  will  enable  you,  with  the 
database  that  will  be  available  in  a  couple  of  months,  to  fly  any 
nonprecision  approach  that  is  published  in  the  United  States. 

Of  course,  you  would  need  initial  operational  capabilities  of  the 
satellite  system,  too,  to  make  that  practically  useful.  But  that  is 
going  to  dovetail  very  nicely  in  a  couple  of  months. 

The  precision  approach  capability  that  we  are  developing  using 
these  differential  stations  is  something  that  is  also  coming  along 
quite  well.  We  had  a  very  important  meeting  just  a  week  ago  out 
on  the  west  coast  to  deal  with  the  Minimum  Aviation  System  Per- 
formance Standards  which,  when  taken  together  with  the  TSO's 
from  RTCA  and  the  FAA  orders,  will  enable  you  to  fly  special  Cat- 
egory I  approaches  using  a  differential  system  privately  purchased 
and  privately  used. 

In  other  words,  we  will  have  to  require  whatever  the  technical 
folks  determine  is  necessary  in  terms  of  training  and  charting  and 
that  kind  of  thing. 

So  we  are  pretty  much  ahead,  as  Marty  said,  of  the  power  curve 
in  terms  of  getting  standards  out  before  the  hardware  is  out  and 
available  so  we  don't  have  a  retrofit  problem  in  providing  stand- 
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ards  and  certification  documentation  that  enables  people  to  actu- 
ally build  this  before  the  industry  is  ready.  So  we  are  pretty 
pleased  with  the  way  things  are  going. 

Mr.  INHOFE.  You  know,  sometimes  it  takes  a  little  longer  to  get 
through  these  things,  and  it  is  much  more  complicated  than  the 
public  perceives.  And  I  try  to  explain  that. 

I  remember  when  you  are  going  through  your  MLS  system— and 
I  am  now,  in  retrospect,  glad  that  it  took  so  long  because  I  didn't 
think  it  was  a  very  good  system,  and  it  required  such  an  invest- 
ment not  just  for  general  aviation  for  the  airlines  that  this  does  not 
require.  We  are  talking  about  stuff  you  can  get  in  there  and  is  real 
cheap,  has  incredible  accuracy  and  has  an  application  that  it  just 
blows  your  mind  when  you  think  about  what  all  is  out  there. 

So  I  would  like  to  make  the  request  to  be  kept  up  to  date  particu- 
larly as  far  as  your  progress  is  concerned  on  precision  approaches 
because  I  have  a  lot  of  people  who  make  inquiries,  and  I  appreciate 
the  fact  that  the  Chairman  is  having  this  hearing  today  so  that  we 
can  call  this  to  the  attention  of  not  just  those  of  us  here  in  Con- 
gress but  to  the  general  public. 

Mr.  PozESKY.  Thank  you,  sir. 

Mr.  Oberstar.  Mr.  Gteren,  further  questions? 

Mr.  Geren.  No,  Mr.  Chairman. 

Mr.  Oberstar.  Mr.  Pozesky,  one  of  the  questions  raised  about 
the  FAA's  management  of  this  system  is  that  there  may  be  over- 
laps, there  may  be  conflicting  areas  of  responsibilities  within  the 
agency,  yet  you  have  described  the  Satellite  Operation  Implementa- 
tion Team,  SOIT — however  you  are  pronouncing  that. 

Mr.  Pozesky.  We  call  it  SOIT,  sir. 

Mr.  Oberstar.  All  right,  whatever.  And  is  it  the  RTCA,  the  out- 
side group  that  is  coordinating? 

Is  something  else  needed?  You  say  you  have  developed  a  tech- 
nical service  order  that  defines  the  minimum  operating  perform- 
ance standards.  Have  you  really  taken  a  look  at  the  way  FAA  is 
proceeding  to  make  sure  you  really  have  streamlined  this  whole 
process  so  that  it  could  move  ahead  as  quickly  as  possible? 

Mr.  Pozesky.  Mr.  Chairman,  I  personally  have  become  very 
aware  in  just  the  last  week  that,  indeed,  something  else  is  needed. 
And  what  is  needed  is  a  really  crisp  way  to  communicate  to  the 
community  what  we  are  doing  because  I  am  sure  you  will  hear  in 
the  course  of  these  hearings  that  there  are  people  who  are  uncer- 
tain or  confused  about  where  we  are  going. 

It  is  not  because  we  don't  have  a  story.  It  is  because  we  haven't 
communicated  it  as  well  as  we  need  to  communicate  it.  And  Tony 
and  I  just  were  talking  recently  about  the  need  to  come  up  with 
a  mechanism  to  get  this  communication  flowing  throughout  the 
community  so  that  everyone  knows  what  is  going  on. 

^ain,  this  technology  and  this  program  are  moving  literally  like 
wild  fire.  And  I  think  it  has  kind  of  overwhelmed  us.  So  we  are 
aware  of  the  need  to  do  a  more  comprehensive  job  of  communicat- 
ing what  is  going  on  in  the  FAA,  where  we  are  headed,  and  what 
our  time  scale  is,  et  cetera,  et  cetera.  That  clearly  is  needed.  And 
at  this  point,  I  can  just  take  an  lOU  and  give  you  a  commitment 
that  we  are  going  to  do  our  best  to  get  that  communication  flowing 
as  well  as  we  can. 
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We  also  think  that  internally  managing  the  program  through 
this  SOIT  application  really  is  importeint  to  stay  with  because  that 
really  involves  the  people  who  actually  have  to  do  the  work.  And 
it  really  empowers  the  senior  division  technical  folks  in  the  FAA, 
and  it  enables  them  to  work  through  the  organization  moving  rap- 
idly. 

There  has  been  talk  about  taking  that  off-line  and  coming  up 
with  this  special  effort.  We  are  worried  about  that  special  effort  as 
to  whether  or  not  it  winds  up  being  a  problem.  We  really  think  it 
is  necessary  to  keep  people  and  flight  standards  and  aircraft,  in 
R&D,  involved,  the  people  who  are  going  to  make  this  happen 
every  day  of  the  week  involved  and  coordinated. 

So  we  have  this  SOIT.  It  involves  all  the  relevant  parts  of  the 
agency.  They  meet  regularly.  Tony,  I,  and  Bill  Pollard  jointly  chair 
that  activity.  We  meet  with  them  regularly,  and  it  is  kind  of  a  co- 
ordination management  mechanism,  a  kind  of  an  empowered  team 
to  use  a  TQM,  total  quality  management  approach.  And  it  has 
worked  well  for  us. 

Mr.  Oberstar.  Are  you  involving  air  traffic  controllers  and  air- 
line flight  dispatchers,  the  people  who  are  really  on  the  firing  line, 
on  this  process? 

Mr.  Broderick.  We  haven't  yet  gotten  to  the  dispatchers,  al- 
though we  have  extensive  involvement  of  air  traffic  controllers. 

As  I  indicated  earlier,  we  are  actually  having  the  air  traffic  con- 
trollers sit  with  the  flight  standards  people  so  that  they  can  ex- 
change information  in  a  real-time  basis  and  work  on  developing 
these  procedures. 

Mr.  Oberstar.  Okay.  Well,  I  think  that  is  very  important  to 
have  the  folks  who  are  on  the  firing  line  involved  in  this  process 
so  later  on  you  don't  come  up  with^-come  up  against  some  concerns 
that  they  have  that  might  usefully  have  been  raised  earlier. 

I  have  a  concern  also  on  safety  side,  reliability.  One  of  the  things 
FAA  has  been  extremely  good  at  doing  is  building  or  requiring  the 
building  of  redundancy  into  all  systems  recognizing  that  five,  six, 
seven  miles  in  the  air  there  is  little  margin  for  error.  You  can't  pull 
over  to  the  curb  and  fix  it. 

And  there  is — in  all  the  other  technology,  there  is  a  redundancy 
that  if  something  fails,  people  know  that  it  has  failed  almost  in- 
stantaneously. But  from  what  I  have  read  of  the  literature  and 
progress  of  this  technology,  that  it  may — GPS  may  not  let  people 
know  that  there  is  a  fault  in  the  system  for  as  much  as  an  hour 
from  the  time  the  fault  occurs. 

How  do  you  address  that? 

Mr.  Broderick.  That  is  an  excellent  question.  The  GPS  satellite 
system,  as  currently  designed,  does  have  that  drawback. 

One  of  the  things  people  are  looking  at  is  incorporating  the  sat- 
ellite health  monitor  at  the  ground  stations  and  broadcasting  the 
health  of  the  satellites  to  the  people  that  are  using  the  signal. 

But  in  an  attempt  to  short  circuit  that  and  really  implement 
things  early,  what  we  did  when  we  designed  our  standards  for 
aviation  use  of  GPS  receivers  is  to  be  approved  for  Instrument 
Flight  Rules  navigation  is  require  Receiver  Autonomous  Integrity 
Monitoring. 
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In  other  words,  the  receiver  has  built  into  the  computer — and  it 
is  not  in  this  one  because  this  is  not  a  TSO  certified  unit,  but  it 
would  have  one  if  it  were  its  own  satellite  checking  system.  So 
what  you  do  is  you  look,  check  the  satellite  signals  one  against  the 
other,  using  extra  satellites. 

Therefore,  to  do  that^and  if  anything  goes  wrong,  either  by  jam- 
ming or  by  a  satellite  giving  a  signal  which  doesn't  agree  with  the 
position  computed  from  the  other  satellites — a  flag  goes  up,  and  it 
tells  the  pilot  that  he  or  she  may  not  use  that  signal  for  navigation. 
And  it  is  getting  a  system  that  has  availabilitv  of  that  integrity  all 
the  time  that  is  causing  us  to  look  at  things  like  ground  augmenta- 
tion and  extra  satellites  that  we  talked  about  just  before  the  hear- 
ing. 

But  right  now,  from  a  safety  viewpoint,  we  have  considered  the 
problem  that  you  have  noticed  in  the  system  and  designed,  into  the 
requirements  for  aviation  use,  a  computer  system  which  automati- 
cally detects  problems  with  the  satellite  and,  essentially,  imme- 
diately notifies  the  pilot. 

Mr.  Oberstar.  Very  good. 

What  is  the  probability  that  the  satellite-based  technology  will  be 
able  to  provide  precision  approach  capability? 

Mr.  POZESKY.  Very  high.  I  think  that  it  is  almost  a  virtual  cer- 
tainty that  we  can  provide  Category  I  capability.  We  have  already 
demonstrated  that.  There  are  airlines  that  are  planning  to  use  it 
already. 

I  think  we  have  very  optimistic  people.  We  are  working  with  the 
best  universities  in  the  country — Stanford  University,  for  example. 

Frankly,  and  candidly,  I  started  off  as  a  pessimist  in  this  area; 
and  I  am  getting  more  optimistic  as  every  day  goes  by.  But  I  need 
to  tell  you  that  we  haven't  yet  been  able  to  pull  that  off  regularly 
in  anything  but  the  most  finely  tuned  environment. 

I  was  asked  a  question  about  probability.  I  think  we  wound  up 
putting  a  number  of  about  70  or  80  percent  on  it,  before  the  debate 
was  over,  in  terms  of  probability. 

But  for  Category  I,  I  think  it  is  virtually  a  done  deal. 

Mr.  Oberstar.  Well,  there  are  other  questions  I  might  want  to 
raise.  I  will  defer  to  Mr.  dinger  at  this  point. 

Mr.  Clinger.  Mr.  Chairman,  I  just  have  some  other  questions 
that  I  would  like  to  have  submitted  for  answer  in  writing. 

Mr.  Oberstar.  Without  objection,  so  ordered. 

[The  questions  submitted  to  FAA  by  Representative  Clinger  and 
responses,  follows:] 
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us  Depcrtment  Oflice  o(  the  Administrator  800  Independence  Ave .  S  W 

Of  Transportation  Washington.  DC.  20591 

Federal  Aviation 
Administration 


OCT  2  5  1993 


The  Honorable  William  F.  dinger,  Jr. 
Committee  on  Public  Works  and 

Transportation 
Subcommittee  on  Aviation 
House  of  Representatives 
Washington,  DC   20515 

Dear  Congressman  dinger: 

Thank  you  for  your  interest  in  the  Federal  Aviation 
Administration's  plan  for  implementing  Global  Positioning 
System  technology  into^the  National  Airspace  System.   Please 
refer  to  the  enclosed  document  for  the  answers  to  your  specific 
questions. 

If  you  have  any  further  questions  or  need  any  additional 
information,  please  contact  me  at  any  time. 


sincerely. 


'^yCh.Ui^  c/ch'^'i^  ^ 


David  R.  Hinson 
Administrator 

Enclosure 
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QUESTIONS  FOR  DOT  ON  SATELLITES  OR  THE 
GLOBAL  POSITIONING  SYSTEM  (GPS) 


En  Route 

All  questions  below  assume  GPS  can  be  used  for  en  route 
navigation  and  that  existing  traffic  separation  and  navigation 
ground  equipment  will  be  decommissioned.   If  this  is  contrary  to 
FAA' s  current  thinking,  please  explain. 

1 .  Please  specify  in  detail  what  equipment  would  no  longer  be 
necessary  if  GPS  could  replace  the  en  route  radar  system.  What 
en  route  navigation  equipment  would  still  be  necessary  with  GPS? 

The  FAA  has  reached  the  decision  to  deactivate  all  of  its 
older  long-range  primary  radars.   This  move,  which  is  not 
related  to  the  availability  of  GPS  technology,  will  save  the 
expenditure  of  $1.4  billion.   We  plan  to  continue  to  use  the 
secondary  surveillance  radar  (beacon)  system,  eventually 
transitioning  to  a  GPS-based  system.   Ia  order  for  a  GPS- 
based  automatic  dependent  surveillance  (ADS)  system  to  work, 
all  aircraft  would  have  to  be  equipped  with  ADS  equipment. 
Appropriate  safety  studies  will  need  to  be  performed  to 
determine  how  soon  we  can  support  a  decision  to  base  all 
navigation  and  surveillance  on  one  type  of  equipment.   None 
of  the  FAA  operated  en  route  navigation  aids  (VHF 
omnidirfectional  range,  distsuice  measuring  equipment  and 
nondirectional  radio  beacon)  would  be  needed  after  all  users 
are  equipped  with  GPS . 

2.  What  is  the  annual  maintenance  cost  for  the  current  en  route 
radar  system  (do  not  include  maintenance  cost  of  equipment  that 
would  still  be  necessary  with  GPS)? 


En  Route  Surveillance  System  (radar) : 

Primary  long-range  radars 

$35M 

Secondary  (beacon)  radars 

$15M 

Note:   All  coats  are  in  1993  dollars  and  are  rough 
order-of -magnitude  estimates. 
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3.    What  capital  costs  would  be  saved  if  GPS  replaces  the 
current  en  route  radar  system? 

If  our  analysis  shows  that  we  can  transition  directly 

to  GPS  without  having  to  replace  our  current  aging 

en  route  beacon  system,  the  savings  estimate  is  as 
follows: 


En  Route  Surveillance  System  (radar) : 

Secondary  (beacon)  radars 

$0.7B 

Note:   All  savings  are  in  1993  dollars  and  are  rough 
order-of -magnitude  estimates. 

4 .    How  much  would  commercial  and  Gh   aircraft  have  to  spend  on 
equipment  for  GPS  en  route  navigation?   How  much  do  they  spend  on 
today' s  equipment  that  would  be  replaced  witli  GPS? 


Navigation 

GPS 

Today' s 
Equipment : 

Type  aircraft 

Per 
aircraft/total 

Per 
aircraft/total 

Commercial 

$64K/$400M 

$110K/$700M 

GA 

$3K/$360M 

$20K/$2.4B 

Note:   All  costs  are  in  1993  dollars  and  are  rough 
order-of -magnitude  estimates. 

5.    What  type  of  equipment  would  be  necessary  to  interface  data 
from  GPS  to  the  air  traffic  control  equipment  for  en  route 
navigation?   How  much  would  this  cost? 

The  GPS -based  surveillance  system  would  require  equipment 
for  user  aircraft  and  the  ground-based  air  traffic  control 
(ATC)  system.   Airborne  users  will  require  a  transponder  to 
transmit  position  data  to  the  ground  segment.   Equipment 
modifications  for  aircraft  would  be  relatively  minor  to  use 
a  GPS -based  ATC  system. 
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Surveillance 

GPS 

Today's 
Equipment : 

Type  aircraft 

Per 
aircraft/total 

Per 
aircraft/total 

Commercial 

$5K/$30M* 

$25K/$15M 

GA 

$4K/$500M* 

$1.3K/$160M 

Notes:   All  costs  are  in  1993  dollars  and  are  rough 
order- of -magnitude  estimates. 

*  GPS  navigation  technology  advancements  could 
lower  this  estimate  significantly,  depending 
on  the  eventual  system  architecture . 

The  ground  segment  will  require  equipment  to  receive 
the  aircraft  position  data  and  process  it  for  use  in 
the  ATC  system.   An  initial  estimate  for  this  equipment 
is  $325  million  (1993  dollars) . 


Precision  Landing 

It  is  assumed  the  costs  provided  for  the  questions  below  are 
for  one  ILS,  MLS,  or  GPS  system  (assuming  GPS  uses  a  local  area 
differential  monitor).   It  is  also  assumed  one  GPS  system  will, 
provide  precision  lemding  for  an  entire  airport  while  the  ILS  or 
MLS  system  will  provide  precision  landing  capability  for  only  one 
end  of  one  runway.   Please  comment  if  these  assumptions  are 
incorrect . 


The  instrument  Ismding  system  (ILS)  provides  precision 
landing  capeibility  only  to  the  irunway  end  for  which  it  is 
installed.   Although  microwave  landing  system  (MLS)  is 
normally  installed  to  serve  a  particular  runway,  the 
coverage  area  of  MLS  could,  in  some  situations,  also  provide 
some  precision  lamding  capability  to  other  runways  within 
that  coverage  area.   The  achievement  of  precision  approach 
capability  with  wide  area  differential  GPS  (W7UDGPS)  is 
anticipated  to  provide  precision  landing  capability  to  all 
airports  within  a  large  geographical  area.   The  WADGPS 
concept  we  are  exploring  requires  installation  of  a  limited 
number  of  ground  stations  and  the  use  of  geostationary 
satellites  in  addition  to  the  constellation  of  GPS 
satellites.   It  is  anticipated  that  local  area  differential 
GPS  will  be  used  primarily  for  Cat  II/III  precision 
approaches;  however,  the  technical  feasibility  of  this 
concept  is  still  in  the  development  stage. 
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6.  How  much  will  it  cost  to  develop  multiple  approach  paths  for 
MLS  and  GPS?   Will  it  be  more  expensive  or  more  difficult  with 
one  system  over  another? 

It  should  cost  about  the  same  to  develop  and  test  approach 
procedures  regardless  of  the  type  of  navigational  aid  used 
for  the  approach;  roughly  $20,000  per  approach  path. 

With  GPS,  the  desired  approach  path  is  constructed  by  the 
aircraft  avionics.   GPS  permits  any  number  of  approach  paths 
to  be  defined  for  any  runway.   Since  this  capability  is  the 
normal  operating  mode  of  GPS,  there  is  no  additional  cost 
associated  with  having  multiple  approach  paths  for  any 
runway,  other  than  the  development  of  the  procedure  itself. 
MLS  advanced  procedures  such  as  curved,  segmented,  or  offset 
approaches  would  employ  the  same  technique  for  constructing 
approach  paths  within  the  coverage  area.   The  standard  MLS 
ground  equipment  is  designed  to  accommodate  this  feature. 
However,  avionics  required  to  perform  the  advanced  approach 
procedures  would  be  more  complex  and  costly  than  is 
necessary  to  perform  straight -in  approaches. 

7 .  How  much  does  it  cost  to  purchase  and  install  an  ILS  system 
(Cat  I,  II,  and  Ilia,  b,  &  c)  --  do  not  include  equipment  that 

would  also  bfe  necessary  for  an  MLS  or  GPS  system?  How  much  will  • 
it  cost  to  purchase  and  install  a  GPS  precision  system  (Cat  I,  II 
and  Ilia,  b,  &  c) ?  How  much  will  it  cost  to  purchase  and  install 
an  MLS  precision  system  (Cat  I,  II  and  Ilia,  b,  &  c)? 


System 

Cat  I 

Cat  II 

Cat  Ilia 

lllb 

Illc 

ILS 

$0.8M 

$1.1M 

$1.3M 

$1.3M 

$1.3M 

MLS 

$1.0M 

NA 

$1.1M 

$1.1M 

$1.1M 

OPS 

$(0.06  -  0.2M)* 

** 

•  * 

•  * 

** 

Notes:   All  costs  are  in  1993  dollars,  based  on  800  ILS 
runway  ends,  and  are  rough  order-of -magnitude 
estimates.   Costs  do  not  include  approach  lighting  or 
runway  visual  range  (RVR) . 
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*     Cat  I  GPS  approaches  are  expected  to  be  available 
with  WADGPS.   Cost  per  runway  end  is  expected  to 
be  approximately  $200,000  based  on  800  ILS- 
equipped  runways.   A  conservative  estimate  of 
3,000  runways  would  qualify  for  GPS  approaches; 
cost  per  runway  would  be  about  $57,000. 

**   Cat  II/III  GPS  feasibility  is  still  in  the 
research  and  development  stage .   No 
reasonable  cost  estimates  can  be  developed 
until  some  determination  is  made  as  to  what 
will  be  required  to  provide  Cat  II/III  GPS 
approaches . 

8.    What  additional  equipment  is  necessary  for  an  ILS,  MLS,  or 
GPS  precision  landing  system  (such  as  RVRs  or  approach  lights) 
and  how  much  does  it  cost  (Cat  I,  II  and  Ilia,  b,  &  c)? 


Equipment 

Cat  I  Cost 

Cat  II/III  Cost 

Medium- Intensity  Approach 
Lighting  System  RAIL  (MALSR) 
(Cat  I  lighting)   - 

$0.8M 

NA 

High-Intensity  Approach  Light 

System  (ALSP) 

(Cat  II, III  lighting) 

NA 

$2.6M 

RVR 

** 

$0.2M* 

ILS  Marker  Beacons 

$0.1M*** 

$0.1M*** 

Notes:   All  costs  are  in  1993  dollars  and  are  rough 
order-of -magnitude  estimates. 

*     Includes  a  three  RVR  system. 

**   An  RVR  is  not  usually  required  for  a  Cat  I 
approach  but  may  be  justified  on  a  case-by- 
case  basis. 


***   Not  required  for  MLS  or  GPS. 
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9.    How  much  does  it  cost  to  maintain  an  ILS,  an  MLS,  and  a  GPS 
precision  landing  system?   Does  it  differ  for  Cat  I,  II,  and 
Ilia,  b,  &  c? 


System 

Cat  I 

Cat  II 

Cat  III 

ILS 

$80K 

$100K 

$100K 

MLS 

$70K 

$80K 

$80K 

GPS 

* 

** 

** 

Notes:   All  costs  are  per  year  (in  1993  dollars), 
based  on  800  ILS  runway  ends,  and  are  rough 
order-of -magnitude  estimates. 

Costs  do  not  include  maintenance  for  approach  lighting 
and  RVR  maintenance .  « 


*    Cat  I  GPS  approaches  are  expected  to  be 

available  with  WADGPS.   Cost  per  runway  end 
is  expected  to  be  approximately  $50,000  based 
on  800  ILS-ecpaipped  rtuiways.   Conservative 
estimates  indicate  that  at  least  3,000  runway 
ends  would  qualify  for  GPS  approaches;  cost 
per  runway  would  be  about  $10,000. 

**   Cat  II/III  GPS  feasibility  is  still  in  the 
research  and  development  stage.   No 
reasonable  cost  estimates  can  be  developed 
until  some  determination  is  made  as  to  what 
will  be  required  to  provide  Cat  II/III  GPS 
approaches. 

In  addition  to  equipment  maintenance  costs  for 
precision  approaches,  approach  lighting  and  RVR 
maintenance  costs  are  also  required  to  support  this 
particular  type  of  approach. 


Lighting  or  RVR 

Approach  Type 

Cost 

MALSF 

Cat  I 

$25K 

ALSF 

Cat  II/III 

$60K 

RVR 

Cat  I/II/III 

$15K 

Note:   All  costs  are  per  year  (in  1993  dollars), 
based  on  800  ILS  runway  ends,  and  are  rough 
order-of -magnitude  estimates. 
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10.   what  is  the  cost  for  the  equipment  needed  in  the  aircraft 
for  ILS,  MLS  and  GPS  for  commercial  aircraft  and  GA  aircraft?   Is 
there  a  major  cost  difference  between  Cat  II  and  Cat  Ilia,  b, 
and  c? 


System 

*** 

Cat  I 

Per 
aircraft/total 

Cat  II 

Per 
alrcra£t/total 

Cat  III 

Per 
aircraft/total 

ILS :  Commercial 

$40K/$240M 

$70K/$420M 

$140K/$840M 

ILS:  GA 

$2K/$200M 

NA 

NA 

MLS :  Commercial 

$55K/$330M 

$140K/$840M 

$150K/$900M 

MLSi  GA 

$7K/$700M 

NA 

NA 

GPS:  Commercial 

$31K/$190M* 

** 

** 

GPS:  GA 

$3K/$300M* 

NA 

NA 

Notes:   All  costs  are  in  1993  dollars  and  are  rough 
order-of -magnitude  estimates. 

Costs  for  regional  airlines  are  combined  with 
commercial  air  carrier  costs . 


*    Cat  I  GPS  approaches  are  expected  to  be 
available  with  WADGPS.   GPS  without  any 
differential  capability  would  be  suitable 
only  for  nonprecision  approaches. 

**   Cat  II/III  GPS  feasibility  is  still  in  the 
research  and  development  stage.   No 
reasonable  cost  estimates  can  be  developed 
until  some  determination  is  made  as  to  what 
will  be  required  to  provide  Cat  II/III  GPS 
approaches . 

***   The  major  cost  difference  between  Cat  II  and 
III  avionics  is  for  equipment  redundancy. 
Cat  III  ILS  costs  also  include  radar 
altimeters. 
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GPS  Syatem 

11.  GPS  consists  of  21  satellites  and  3  back-up  satellites. 
Does  FAA  expect  that  additional  satellites  are  needed?   If  so, 
will  FAA  pay  for  the  additional  satellites?   What  would  be  the 
estimated  cost  to  purchase  and  launch  another  satellite? 

The  FAA  has  determined  that  additional  satellites  are 
needed.   The  options  include  using  the  Global  Navigation 
Satellite  System  (GLONASS) ,  geostationary  satellites,  or 
more  GPS  satellites.   While  FAA  considers  GLONASS  a  viable 
option  (and  lowest  cost  in  the  near  term  as  long  as  the 
service  is  free),  the  risk  of  relying  on  this  capability  is 
considered  high.   The  geostationary  option  is  preferred  for 
use  in  U.S.  airspace  because  of  its  reliability  and  low 
overall  cost.   Four  INMARSAT-3  satellites  containing  GPS- 
like  navigation  payloads  will  be  launched  in  1995  and  in 
service  in  1996.   We  prefer  to  piggyback  payloads  on  planned 
geostationary  communications  satellites  for  several  reasons. 
First,  it  reduces  laxonching  costs  by  combining  navigation 
and  communication  payloads  on  existing  launch  schedules  for 
communications  satellites.   Second,  the  coverage  of  a 
geostationary  satellite  is  equivalent  to  at  least  three 
additional  inclined-orbit  GPS  satellites,  and  aviation  needs 
geostationary  satellites  for  GPS  integrity  broadcast. 
INMARSAT  has  quoted  an  approximate  cost  of  $2.5  million  per 
year  for  lease  of  each  geostationary  GPS- transponder .   This 
is  much  more  economical  than  the  Department  of  Defense  (DOD) 
estimated  cost  of  $100  million  to  build  and  launch  a  GPS 
satellite. 

12.  FAA  has  free  access  to  GPS  until  2003.   After  2003  FAA  may 
have  to  assume  some  of  the  costs.   How  much  will  it  cost  annually 
to  maintain  GPS  (satellites  and  ground  equipment  and  facilities) 
after  2003?  How  much  of  that  cost  will  be  paid  by  FAA? 

The  basic  GPS  signal  (100  meters,  2drms,  95  percent 
probability)  will  be  available  to  users  worldwide 
indefinitely  with  at  least  a  6 -year  notification  of  any 
decision  by  DOD  to  discontinue  the  service.   The  annual  cost 
to  operate  cuid  maintain  the  full  GPS  constellation  is 
approximately  $400  million.   This  includes  maintenance  of 
the  ground  monitoring  network  and  replenishment  satellites. 
Currently,  the  DOT/DOD  Task  Force,  is  addressing 
institutional  issues  such  as  joint  control  and  funding  of 
•  GPS,  among  others.   The  report  of  its  deliberations  is  due 
to  the  Secretaries  of  Transportation  and  Defense  in  November 
of  this  year  at  which  time  a  clearer  picture  of  FAA' s  role 
in  the  management /funding  of  GPS  should  be  available. 
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13.  What  is  the  schedule  and  cost  for  certifying  GPS  for 

en  route  and  precision  lauiding?   How  does  this  compare  to  the 
timing  of  the  MLS?   When  does  FAA  expect  commercial  aircraft  to 
be  equipped  with  GPS  avionics?   When  would  the  ground  based  ILS 
and  en  route  navigation  systems  be  decommissioned? 

GPS  avionics  have  already  been  approved  for  supplemental  use 
to  fly  in  oceanic,  domestic  en  route,  terminal,  and 
nonprecision  approach  phases  of  flight.   Approval  of  GPS  as 
a  sole  means  to  support  these  same  phases  of  flight  is 
scheduled  for  fiscal  year  2000  in  conjunction  with 
implementation  of  the  GPS  integrity  broadcast  (GIB)  system. 
The  approximate  cost  to  field  the  GIB  system  will  be  $100 
million.   Cat  I  precision  approaches  are  expected  to  be 
supported  by  the  WADGPS  now  being  evaluated  at  the  FAA 
Technical  Center.   If  this  technology  is  proven  and 
implemented.  Cat  I  precision  approaches  using  WADGPS  could 
be  certified  for  supplemental  use  by  the  year  2000  and  sole 
means  by  200S.   The  cost  will  be  $60  million  to  upgrade  the 
GIB  system  to  include  the  wide  area  differential  correction 
message  and  provide  additional  GPS-like  ranging  signals  from 
the  communication  satellites .   Precision  approaches  to  Cat 
II/III  will  be  achieved  by  local  area  GPS  techniques. 
Feasibility  demonstrations  to  prove  GPS  local  area 
capability  to  Cat  III  specifications  are  scheduled  for 
completion  by  mid-1995.   This  timing  coincides  with  the 
full -production  decision  point  on  MLS.   The  FAA  expects 
Technical  Standard  Order-certified  GPS  avionics  to  be 
available  by  the  fall  of  this  year  to  support  supplemental 
use  of  GPS  for  all  phases  of  flight  down  to  nonprecision 
approach.   Decommissioning  of  existing  en  route  and 
nonprecision  navigational  aids  could  begin  as  early  as  2002. 
Decommissioning  of  ILS  in  favor  of  GPS  would  not  begin  until 
well  after  2005  due  to  present  research  and  development 
schedules . 

14.  If  GPS  provides  navigation  and  communication  services  to  the 
world  aviation  industry,  is  there  any  way  a  fee  could  be  charged 
to  recoup  the  cost  of  the  United  States  after  the  year  2003? 

GPS  as  currently  configured  provides  navigation,  not 
communication  services.   The  U.S.  position,  as  stated  at 
the  International  Civil  Aviation  Organization  Tenth  Air 
Navigation  Conference,  is  that  GPS  standard  positioning 
service  (SPS)  will  be  provided  on  a  continuous  worldwide 
•  basis,  free  of  charge,  for  10  years  (beginning  1993) . 
Additionally,  the  United  States  further  clarified  its  offer 
for  GPS-SPS  service  to  extend  into  the  foreseeable  future. 
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To  address  concerns  about  cancellation  or  degradation  to  the 
service,  the  United  States  intends  to  provide  a  minimum  of  6 
years  advance  notice  of  termination  of  GPS  or  elimination  of 
GPS-SPS. 

Any  future  augmentations  to  GPS-SPS  services  may  or  may 
not  have  user  fees  associated  based  on  future 
requirements .   The  FAA  plans  to  pay  for  the  proposed 
augmentations  with  available  trust  fund  or  other 
resources  in  the  same  manner  as  the  existing  navigation 
and  surveillance  systems  are  procured  and  maintained. 
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Mr.  Oberstar.  I  want  to  observe,  though,  that  to  wait  for  the 
Europeans  or  others  to  develop  a  navigational  system  so  that  we 
have  one  system  that  is  uniform  and  applies  to  everybody  is  the 
tail  wagging  the  dog.  If  they  aren't  ready,  let's  not  wait  for  them. 
Let's  move  ahead.  We  have  got  the  technology. 

This  is  an  area  where  the  United  States  has  preeminence.  And, 
you  know,  I  heard  five  years  ago  European  authorities  sajdng  we 
are  going  to  develop  the  super,  above-all,  fastest  ever  security  de- 
tection. It  is  still  on  the  drawing  boards. 

Four  years  ago,  I  heard  the  Europeans  in  Munich  at  an  airport 
operators  conference  say  we  are  going  to  develop  a  modem  air  traf- 
fic control  communications  system  like  you  have  in  the  United 
States.  They  haven't  even  got  bids  out  on  it.  You  know,  let's  not 
wait  for  them. 

Less  than  half  of  all  intercity  paid  transportation  in  Europe  is  by 
air;  less  than  half.  More  than  half  of  all  intercity  paid  transpor- 
tation in  America  is  by  air.  We  have  much  more  at  stake,  a  much 
bigger  stake  worldwide  in  this.  And  we  ought  not  to  wait  for  them 
and  don't  let  those  international  organizations,  they  will  fiddle 
around  on  "principle."  We  can  discuss  these  things  on  "principle" 
until  we  are  dead  in  the  air. 

Mr.  PozESKY.  Mr.  Chairman,  your  endorsement  of  that  strategy 
is  essential,  and  that  is  where  we  are  headed. 

Mr.  Oberstar.  Thank  you.  All  right.  I  appreciate  your  presen- 
tation here  and  the  supporting  technology.  That  has  been  a  fas- 
cinating display  in  this  room  today. 

We  will  proceed  to  our  next  witness.  Mr.  Robert  Ferguson,  Presi- 
dent of  Continental  Airlines  and  a  user  of  the  technology. 

Before  Mr.  Ferguson  takes  his  seat,  the  Chair  would  like  to  ob- 
serve the  presence  today  of  the  former  FAA  Administrator,  Don 
Engen,  who,  in  his  tenure,  stimulated  and  encouraged  the  develop- 
ment of  the  technology  we  are  discussing  today. 

Good  to  have  you  with  us,  Mr.  Engen,  Mr.  Administrator,  and  to 
see  you  continuing  your  interest  in  aviation. 

The  Chair  will  note  for  the  record  the  presentation  of  several 
black  boxes  on  the  table  that  will  accompany  Mr.  Ferguson's  testi- 
mony. 

We  expect  those  to  be  explained. 

TESTIMONY  OF  ROBERT  FERGUSON,  FRESmENT, 
CONTINENTAL  AIRLINES 

Mr.  Ferguson.  Carefully  brought  in  through  security. 

Good  afternoon,  Mr.  Chairman.  Thank  you  for  disrupting  your 
lunch  hour  to  accommodate  my  schedule.  My  name  is  Robert  Fer- 
guson. I  am  the  President  of  Continental  Airlines,  Chief  Executive 
Officer  as  well.  I  am  pleased  to  be  able  to  testify  before  this  sub- 
committee on  an  issue  of  great  interest  to  the  aviation  community 
at  large  and  to  me  personally,  as  a  user  of  GPS  for  the  better  part 
of  two  years. 

With  your  permission,  I  would  like  to  make  a  brief  oral  state- 
ment and  ask  that  my  full  remarks  be  included  in  the  record  of 
your  committee. 

Before  I  move  on  to  more  technical  aspects  of  my  testimony,  I 
would  also  like  to  commend  the  National  Commission  To  Ensure 
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a  Strong  Competitive  Airline  Industry  and  specifically  Commis- 
sioner Barclay  whose  system  capacity  team  thoroughly  addressed 
the  Global  Positioning  System  and  have  recommended  that  the  air 
traffic  control  system  in  the  U.S.  change  to  satellite-based  naviga- 
tion and  that  the  FAA  and  the  airline  industry  accelerate  the  im- 
plementation of  GPS  through  the  public  and  private  consortium. 

Mr.  Chairman,  I  am  pleased  to  report  to  this  committee  that 
Continental  Airlines  is  already  in  the  process  of  equipping  some  of 
our  aircraft  fleet  with  GPS  navigation  for  use  en  route  and  termi- 
nal procedures.  This  fall,  we  will  become  the  first  airline  using 
GPS-based  approaches.  We  are  also  evaluating  a  number  of  manu- 
facturers and  will  decide  over  the  next  two  weeks  which  will  be- 
come our  supplier  for  future  GPS  products.  That  installation  will 
also  commence  prior  to  year  end.  That  installation  will  replace 
Omega  and  similar  systems  and  will  pay  itself  back  in  a  mere  91 
days. 

Why  is  Continental  so  committed  to  GPS?  Because  we  believe 
that  these  satellites  provide  a  number  of  unique  opportunities  to 
aviation.  We  are  on  the  threshold  of  redefining  the  entire  manner 
in  which  we  conduct  aviation  worldwide.  Through  the  use  of  sat- 
ellite system  and  various  communications  systems,  it  is  now  pos- 
sible to  safely  navigate  anywhere  in  or  on  the  world  and  around 
the  Earth  with  absolute  certainty  as  to  speed,  direction,  altitude, 
time,  and  collision  avoidance. 

Implementation  of  GPS  will  allow  us  to  communicate  through 
voice  and  data  transmissions  virtually  worldwide,  navigate  accu- 
rately and  reliably  anywhere  in  the  world  without  even  adding  one 
more  ground-based  system  and  track  precisely  all  aircraft  and 
other  aviation-related  vehicles  anywhere  in  the  world. 

Each  of  these  elements  is  discussed  at  greater  length  in  my  writ- 
ten testimony.  For  now  I  would  like  to  address  the  issue  of  imple- 
mentation. 

Satellite-based  communication  navigational  controlling  systems 
will  improve  the  safety  and  efficiency  of  our  air  transportation  sys- 
tem and  save  the  industry  $5  billion  annually  through  delay  reduc- 
tion and  direct  routing. 

The  U.S.  airline  industry  simply  cannot  afford  for  the  implemen- 
tation of  GPS  to  be  bogged  down  in  bureaucratic  red  tape.  Frankly, 
it  is  not  important  whether  we  utilize  NAVSTAR  GPS,  GLONASS, 
or  INMARSAT  as  the  provider  of  the  world  satellite  signal. 

Since  the  United  States  represents  approximately  45  percent  of 
the  aviation  traffic  in  the  world,  we  should  focus  on  the  continental 
U.S.,  implement  a  system  using  GPS  which  is  already  in  place,  and 
gradually  expand  that  system  throughout  the  western  hemisphere 
and  eventually  to  Europe  and  the  balance  of  the  world  if  they  so 
choose. 

On  the  issue  of  costs,  we  believe  the  expected  benefits  of  a  fully 
implemented  system  will  justify  the  investment.  However,  there  is 
a  need  to  provide  airlines  with  an  early  benefit  to  offset  these  costs. 
An  optimistic  scenario  for  global  implementation  is  that  this  will 
take  about  14  years  from  the  time  the  need  is  identified  to  the  time 
the  system  is  fully  operational. 

In  this  time,  interest  alone  will  amount  to  three  dollars  for  every 
dollar  invested.  Therefore,  if  early  benefits  are  not  achieved,  the  ac- 
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cumulated  interest  may  outgrow  the  projected  operational  benefits. 
We  also  believe  there  is  a  need  to  question  traditional  assumptions 
and  procedures  within  the  FAA  in  an  effort  to  shorten  the  imple- 
mentation time. 

It  is  clearly  unacceptable  to  delay  implementation  of  the  new  era 
because  of  parochialism.  A  top-down  audit  should  be  accomplished 
of  FAA  personnel,  budget,  and  assignments  to  eliminate  overlap- 
ping of  conflicting  areas  of  responsibilities  regarding  satellite-based 
aviation;  and  the  FAA's  focus  should  be  maintained  on  ensuring 
earliest  possible  benefits. 

Mr.  Chairman,  before  I  conclude  my  oral  statement,  I  would  like 
to  mention  five  recommendations  which  I  included  in  my  written 
testimony  to  the  subcommittee  to  consider. 

First,  establish  a  centralized  authority  within  the  FAA  to  oversee 
the  earliest  benefits  possible  for  the  users  of  this  system,  the  air- 
lines. 

Support  a  progressive  approach  to  acquisition  such  as  the  use  of 
a  consortium. 

Establish  GPS-based  precision  approach  criteria  and  an  imple- 
mentation plan  that  will  eliminate  any  requirements  to  equip  air- 
craft with  MLS  systems. 

Fourth,  accelerate  the  selection  of  vendors,  including  sole 
sourcing  if  it  will  accelerate  implementation. 

Mandate  implementation  of  the  program  domestically  while  mov- 
ing negotiations  with  the  other  countries  to  a  "fast  track." 

Finally,  Mr.  Chairman,  before  I  answer  the  questions  of  you  and 
your  colleagues,  I  would  like  to  ask  you  to  look  at  the  equipment 
that  I  have  brought  with  me  today. 

The  tower  to  the  left  represents  the  equipment  on  a  727  appro- 
priately equipped  for  long-range  navigation.  That  equipment  by  it- 
self costs  $204,000  at  today's  prices. 

To  my  left  on  the  table  is  the  necessary  GPS  equipment  to  repro- 
duce every  function  that  is  performed  in  that  category  and  has  a 
total  cost  of  $57,000  and  has  not  been  mass  produced  yet. 

Obviously  there  are  vast  cost  savings  available. 

Mr.  Chairman,  I  appreciate  the  opportunity  to  appear  before 
your  committee.  I  would  be  happy  to  answer  any  questions  you 
might  have. 

Mr.  Oberstar.  Well,  that  latter  is  certainly  a  very  impressive 
demonstration  of  confidence  in  and  value  of  the  system  and  espe- 
cially to  those  of  you  who  are  on  the  operational  front,  if  you  will, 
the  frontline  of  aviation.  And  I  particularly  want  to  call  attention 
to  page  5  in  your  testimony  in  which  you  back  up  your  support  for 
GPS  with  specific  dollar  savings  that  industry  expects  to  achieve. 

And  I  wanted  to  ask  whether  those  numbers  are  based  on  your 
experience  so  far  and  then  projected  out  into  those  global  numbers 
that  you  used? 

Mr.  Ferguson.  They  are  based  on  our  experience,  particularly 
the  en  route  savings  are  quite  obvious. 

In  addition,  the  landing  functions  are  based  on  experience.  As 
one  of  your  commission  members  mentioned  earlier  about  using 
GPS,  we  differentially  equipped— GPS  differentially  equipped 
Intercontinental  Airport  about  three  months  ago. 
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We  carried  the  unit  to  the  roof  of  our  building  and  plugged  it  in 
with  an  extension  cord  and  executed  precision  approaches  imme- 
diately there  £ifter.  Savings  from  simply  missed  approaches  are  di- 
rectly calculable.  We  can  calculate  that  with  exact  precision.  We  do 
believe  the  savings  indicated  are  very  documentable,  £md  they  are 
documentable  by  objective  fact. 

We  did  not  include  savings  to  the  United  States  Government 
from  abandonment  of  existing  systems,  from  personnel  reductions, 
from  other  things  that  are  possible. 

Mr.  Oberstar.  The  FAA  has  developed  a  master  plan  for  sat- 
ellite technology  with  setting  forth  specific  time  frames  by  which 
to  measure  action  and  milestones  by  which  to  judge  progress. 

Have  you  reviewed  this  plan?  Do  you  have  some  observations  to 
make  upon  it  or  anything  you  might  disagree  with? 

Which  elements  do  you  think  might  be  accelerated,  harking  back 
to  testimony  of  Mr.  Broderick  and  Mr.  Pozesky  who  the  latter  said 
he  thought  there  were  ways  in  which  they  could  do  things  faster 
and  better? 

Mr.  Ferguson.  I  think  that  they  are  fairly  correct  in  their  state- 
ment that  the  FAA  is,  today,  with  respect  to  this  technology,  ahead 
of  where  it  has  been  ever  before.  That  is  interesting.  That  is  curi- 
ous. 

But  as  you  pointed  out  in  your  opening  statement,  it  was  1982 
when  this  technology  was  first  surfaced.  It  is  now  1993,  11  years 
later.  The  system  will  be  up  and  fully  operational  this  fall.  The 
technology  has  been  available  for  many  years  to  make  these  sys- 
tems functional  in  the  area  of  surveying  alone  as  mentioned  by  the 
Secretary  this  morning.  These  systems  have  been  accepted  for 
many  years  as  being  more  accurate  than  the  traditional  methodolo- 
gies and,  in  fact,  were  hugely  cost  beneficial,  reducing  the  cost  of 
an  initial  survey  from  $10,000  to  $400. 

In  my  view,  the  system  should  be  up  and  operational  now.  In  my 
view,  total  quality  management  is  not  the  issue  here.  The  more  in- 
teresting issue  is  corporate  reengineering  which  is  the  sort  of  next 
step  of  quality  management,  and  what  it  says  is  you  ought  to  leap- 
frog the  existing  process.  There  is  no  need  for  intermediate  TCAS 
in  my  view.  We  ought  to  move  directly  to  TCAS  IV  if  that  is  what 
they  wish  to  call  it.  We  ought  to  find  systems  that  allow  us  to  im- 
plement the  highest  degree  of  safety  and  the  most  economic  envi- 
ronment as  quickly  as  possible.  And  if  that  means  shelving  some 
intermediate  systems,  so  be  it. 

Mr.  Oberstar.  You  are  looking  for  leapfrog  technology,  as  I  call 
it,  to  jump  over  things  that  may  be  interim  £ind  move  dramatically 
ahead,  and  you  encourage  that. 

Mr.  Ferguson.  There  is  no  reason  why  we  can't  do  it.  This  par- 
ticular one,  as  the  FAA  pointed  out,  is  on  the  shelf.  It  has  been  on 
the  shelf.  It  is  time  to  get  about  and  get  it  done.  And  the  five-year 
time  arising,  to  the  end,  ought  to  be  more  than  adequate. 

Mr.  Oberstar.  Thank  you. 

Mr.  dinger. 

Mr.  Clinger.  Thank  you,  Mr.  Chairman. 

Mr.  Ferguson,  thank  you  for  participating  in  this  hearing  about 
what  really  is  one  of  the  most  exciting  prospects  I  think  we  have 
had  for  commercial  aviation  in  a  long,  long  time. 
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Obviously  the  reason  you  and  I  presume  most  of  the  airUnes  are 
supportive  of  this  is  because  of  the  savings  that  enables  you  to  re- 
alize, and  it  certainly  couldn't  come  at  a  better  time. 

Mr.  Ferguson.  We  could  use  a  little  help. 

Mr.  Clinger.  Would  your  support  of  the  GPS  change  if  FAA  had 
to  pay  to  operate  and  maintain  it?  There  is  now,  under  the  present 
proposal,  DOD  proposing  to  launch  three  to  four  satellites  a  year, 
about  $250  million  annually.  But  if  that  arrangement  were  some- 
how not  survived,  would  that  change  your  view? 

Mr.  Ferguson.  First,  I  would  make  the  following  observation  to 
the  extent  that  the  DOD  satellites  have  proprietary  service,  that  is 
they  render  to  the  Department  of  Defense,  they  obviously  should 
pay  for  those. 

With  respect  to  the  balance  of  the  costs,  if  the  savings  that  we 
anticipate  can  be  realized,  I  think  the  industry  would  be  prepared 
to  pay  for  the  satellites.  It  simply  is  a  cost-benefit  opportunity,  and 
it  is  just  overly  obvious  that  it  works.  And  we  should  just  get  about 
doing  it. 

The  cost  is  not  going  to  be  the  core  issue,  assuming  that  we  im- 
plement this  thing  properly  so  as  to  get  the  savings  in  the  begin- 
ning somehow  contemporaneous  with  the  investment.  This  is  the 
one  case  in  aviation  that  I  have  seen  in  18  years  where  there  is 
an  opportunity  to  get  the  savings  contemporaneous  with  the  invest- 
ment. 

Mr.  Clinger.  So  you  would  see  that  the  industry  would  be  will- 
ing to  invest  in  this  because  of  savings? 

Mr.  Ferguson.  Absolutely.  Particularly  if  we  can  simulta- 
neously— and  the  FAA  is  right — clean  up  the  system.  There  are 
vast  savings  in  there. 

Mr.  Clinger.  You  mentioned  the  need  for  the  FAA  to  establish 
a  public-private  consortium  to  expeditiously  implement,  develop 
and  implement  the  system. 

What  advantage  do  you  think  that  has  over  the  present  existing 
FAA  procedures  for  development  and  implementation  of  these  sys- 
tems? 

What  additional  benefits  do  we  get  from  that  sort  of  a  consor- 
tium? 

Mr.  Ferguson.  Principally,  I  believe  the  benefit  that  you  get  is 
that  industry — and  I  am  really  talking  about  the  airlines  here — 
want  these  systems  up  and  operational,  and  they  want  them  up 
and  operational  as  quickly  as  possible. 

The  FAA's  role  is  an  issue  of  safety  and  making  sure  that  we  do 
things  properly.  The  industry,  I  believe,  is  ready  to  push  this  tech- 
nology through  to  conclusion  very  quickly.  It  doesn't  matter  wheth- 
er the  vendor  is  one  or  two. 

The  FAA,  at  the  moment — and  I  am  not  being  critical  here — they 
are  following  standard  procedures,  and  they  are  perfectly  fine — but 
is  interested  in  how  you  integrate  one  piece  of  equipment  with  an- 
other. It  doesn't  matter.  Pick  one.  Any  one.  And  go  with  that  one. 
That  is  all  we  need  to  do.  We  don't  need  to  study. 

There  are  six  different  kinds  of  communications.  I  am  not  a  com- 
munications expert,  but  industry  experts,  who  I  would  put  great 
trust  in,  like  Boeing  as  an  example,  would  tell  you  of  the  six  types, 
three  will  work,  three  won't;  and  it  doesn't  matter  which  of  the 
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three  you  pick;  just  pick  one;  and  let's  get  about  doing  it;  it  doesn't 
matter. 

Mr.  Clinger.  This  broader  question  of  what  I  view  as  the  neces- 
sity to  have  a  capable  international  system,  I  think  that  will  vary 
internationally. 

Would  you  agree  that  we  really  need  to  be  working  within  the 
ICAO  system  to  try  to  get  a  system  so  that  you  don't  have  to  carry 
a  whole  bunch  more  boxes  in  your  planes? 

Mr.  Ferguson.  We  would  absolutely  encourage  a  coordinated 
system,  and  we  think  that  makes  good  sense. 

But  I  think  the  reality  is  that  what  you  are  talking  about  is  a 
system  that  is  10  or  15  or  20  years  off. 

What  we  are  sajdng  is  it  is  here;  it  is  now.  We  are  in  the  U.S.; 
Eind  it  is  45  percent  of  the  world's  aviation.  There  are  probably  200 
to  250  airplanes  in  the  United  States  airline  fleet  that  each  visit 
foreign  countries  in  terms  of  the  major  transoceanic  services.  They 
may  have  to  be  equipped  with  multiple  systems.  But  for  the  bal- 
ance of  the  fleet,  we  are  not  ever  going  to  send  a  737  to  London. 
It  doesn't  need  an  MLS  system  if  it  goes  to  England. 

What  we  need  is  a  quality  system  in  the  U.S.,  and  we  need  it 
quickly.  And,  you  know,  if  we  are  on  a  program  for  five  years  and 
satellites  have  an  eight-year  average  life,  as  was  testified,  we  only 
get  a  three-year  pay  back.  It  is  time  to  get  it  done. 

Mr.  Clinger.  Thank  you. 

Mr.  Oberstar.  Mr.  Geren. 

Mr.  Geren.  I  have  no  questions.  But  I  would  like  to  welcome  Mr. 
Ferguson  to  the  panel.  The  new  Continental  has  a  strong  Fort 
Worth  connection,  and  I  want  to  wish  him  the  best.  I  am  particu- 
larly interested  in  hearing  the  practical  applications  of  a  lot  of  this 
technology  and  excited  about  its  usefulness  as  we  move  into  the  fu- 
ture. 

I  thank  you  for  your  testimony. 

Mr.  Ferguson.  Thank  you.  Congressman.  I  appreciate  it. 

Mr.  Oberstar.  One  of  the  consumer  complaints  that  we  hear  is 
that  airlines  are  not  serving  with  jet  capability  smaller-sized  com- 
munities. 

Airlines  respond,  well,  it  is  a  lack  of  navigation  and  landing  aid 
equipment. 

Will  technology  offered  through  GPS  make  it  possible  for  airlines 
to  serve  more  communities,  smaller-sized  communities,  with  larger 
equipment? 

Mr.  Ferguson.  The  answer  to  that  is,  yes,  it  will  make  it  pos- 
sible. 

Mr.  Oberstar.  Where  the  market  justifies  it?  Where  the  pas- 
senger traffic  justifies  it? 

Mr.  Ferguson.  But  you  are  going  to  have  to  have  some  pas- 
sengers. You  can't  go  to  Paris,  Texas,  just  to  pick  a  place  in  Mr. 
Geren's  district.  But  you  can  go  to  many  other  locations.  And  4400 
places  in  the  U.S.  will  become  Category  I  compatible  with  fairly 
limited  investment. 

And  that  is  quite  a  radical  change  from  where  we  are  today. 

Mr.  Oberstar.  There  are  some  aspects  of  the  technology  that  do 
need  to  be  proved  out.  And  the  Differential  GPS,  for  example,  do 
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collect  data  coming  from  the  satellite  and  transmits  that  data  to  in- 
coming aircraft.  That  is  an  important  part  of  that. 

One  of  the  questions  before  the  FAA  and  the  DOD  and  airports 
and  airlines  is,  should  there  be  Differential  GPS  at  every  airport? 
Or  should  you  move  to  a  technology  that  has  maybe  20  or  30  of 
these  systems  spread  throughout  the  United  States  strategically  lo- 
cated? 

What  is  your  view  and  experience?  What  concerns  would  you 
have  about  that  matter? 

Mr.  Ferguson.  Our  view  is,  in  essence,  20  to  30  is  about  what 
is  required  in  order  to  provide  the  precision  in  air  operation,  which 
is  to  say  not  in  proximity  to  the  ground. 

You,  nevertheless,  are  probably  ultimately  going  to  want  to  have 
a  local  differential  compensator  that  provides  additional  correction, 
certainly  at  the  major  airports  so  as  to  advance  your  capability. 

And  the  FAA  is  quite  right,  in  order  to  get  the  Category  II  and 
Category  III,  you  need  highly  repeatable  and  very  reliable  systems. 
And  at  least  to  date,  our  technical  people  believe  that  requires  the 
installation  of  a  local  differential  units. 

The  particular  one  that  we  installed  in  Houston,  for  a  short  test, 
cost  $17,000  at  today's  prices.  I  challenge  you  to  compare  that  to 
an  ILS  at  1.2  million,  or  thereabouts,  for  a  single  runway. 

Mr.  Oberstar.  So  far  as  that  cost  could  come  down,  that  is  a  do- 
able concept.  And  you  may  want  to  consider  the  DGPS  only  at  con- 
gested airports  or  the  most  highly  vulnerable  airports. 

Probably  not  every  airport  in  America  needs  one? 

Mr.  Ferguson.  They  probably  do  not. 

Mr.  Oberstar.  I  want  to  thank  you  for  being  a  participant  early 
on  in  the  development  of  this  technology  and  for  your  enthusiasm 
for  it  and  for  the  very  solid  suggestions  you  have  made  about  mov- 
ing it  ahead  more  speedily. 

I  assure  you  that  we  will  have  the  full  industry — and  the  FAA 
will  have  the  support  of  this  committee — in  pressing  onward  to  get 
this  up  and  operating  as  quickly  as  possible  so  the  benefits  can  be 
achieved  for  aviation. 

Mr.  Ferguson.  Thank  you.  I  appreciate  it. 

Mr.  Oberstar.  Thank  you  very  much. 

The  committee  will  recess  for  this  vote  and  then  resume  in  ap- 
proximately one  hour — quarter  to  2:00 — for  the  balance  of  our  testi- 
mony today. 

[Recess  12:50  p.m.  To  2:15  p.m.] 

Mr.  Oberstar.  The  subcommittee  on  aviation  will  resume  its  sit- 
ting. And  apologies  for  the  intervening  votes  and  other  unforeseen 
scheduling  delays. 
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TESTIMONY  OF  DAVID  WATROUS,  PRESIDENT,  RADIO  TECH- 
NICAL COMMISSION  ON  AERONAUTICS;  STEVEN  J.  BROWN, 
VICE  PRESIDENT,  AIRCRAFT  OWNERS  &  PILOTS  ASSOCIA- 
TION; ROGER  FLEMING,  VICE  PRESIDENT,  AIR  TRANSPORT 
ASSOCIATION;  SEIGBERT  PORITZKY,  SENIOR  VICE  PRESI- 
DENT-TECHNICAL  AFFAIRS,  AIRPORT  COUNCIL  INTER- 
NATIONAL NORTH  AMERICA;  JOHN  O'BRIEN,  DIRECTOR,  EN- 
GINEERING AT  Am  SAFETY  DEPARTMENT,  AIR  LINE  PILOTS 
ASSOCIATION;  JOHN  M.  BEUKERS,  BEUKERS  TECH- 
NOLOGIES; AND  DAVID  HAAPALA,  DIRECTOR,  FLIGHT  OPER- 
ATIONS DEVELOPMENT,  NORTHWEST  AIRLINES 

Mr.  Oberstar.  And  our  next  panel  is  already  seated.  I  will  not 
call  them  by  name  but  in  order  of  presentation. 

Mr.  Beukers  of  Beukers  Technologies,  by  the  luck  of  the  draw, 
you  are  first — or  by  common  agreement,  you  are  first. 

And  I  will  ask  each  witness,  in  turn,  to  identify  themselves  and 
their  organization. 

Please  proceed. 

Mr.  Beukers.  My  name  is  John  Beukers.  I  am  an  independent 
consultant  engaged  in  matters  concerning  the  implementation  and 
use  of  radio  navigation  systems. 

My  association  with  this  discipline  covers  some  40  years  stem- 
ming back  to  my  involvement  with  the  original  work  on  aircraft 
blind  landing  and  the  determination  of  the  orbital  parameters  of 
the  first  Soviet  Sputnik  in  1957. 

I  was  actively  involved  in  bringing  the  Omega  and  the  Loran-C 
systems  into  civil  use  from  DOD  ownership  and  in  recent  years 
have  devoted  much  of  my  time  towards  efforts  to  help  realize  the 
full  potential  of  satellite  navigation. 

I  appreciate  the  opportunity  to  be  here  to  share  with  the  sub- 
committee my  views  concerning  the  use  of  satellite  technology  in 
civil  aviation.  I  understand  my  full  statement,  along  with  the  at- 
tachment, will  be  included  in  the  record;  therefore,  I  will  summa- 
rize my  written  statement  by  focusing  on  what  I  consider  to  be  the 
most  important  critical  issues  that  must  be  resolved  in  order  to  re- 
alize the  potential  benefits  of  satellite  technology  as  it  is  brought 
into  the  inventory  of  aviation  navigation  aids. 

I  do  not  think  you  will  find  any  disagreement  among  the  panel 
of  the  benefits  to  be  derived  from  satellite  technology  and  the  need 
for  an  orderly  transition  to  this  new  environment.  Nor  do  I  think 
there  is  a  substantive  difference  of  opinion  of  how  we  go  about  this. 

The  United  States  Global  Positioning  System  (GPS)  is  the  guinea 
pig,  and  the  FAA  is  doing  an  admirable  job  in  flushing  out  the 
technical  issues  that  challenge  us  on  our  way  to  adopting  this  tech- 
nology. It  is  the  definition  of  the  final  system  that  materializes  10 
to  15  years  from  now  that  should  command  our  attention. 

GPS  has  been  developed  over  the  past  20  years  by  the  Depart- 
ment of  Defense  at  a  very  high  but  somewhat  indeterminate  cost 
to  the  American  taxpayer  as  an  integral  part  of  the  United  States' 
national  security  strategies.  We  also  talk  of  a  Global  Navigation 
Satellite  System  or  GNSS,  which  is  the  international  communit/s 
vision  of  the  ultimate  system  of  satellite  navigation. 

You  may  hear  these  two  acronyms,  GPS  and  GNSS  used  synony- 
mously, particularly  by  those  who  see  GPS  as  becoming  the  back- 
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bone  of  an  international  GNSS.  This  was  not  the  intent  of  the  offer 
for  free  use  of  GPS  transmissions  made  by  the  former  FAA  Admin- 
istrator Admiral  Busey,  in  his  address  to  the  10th  Air  Navigation 
Conference  of  the  International  Civil  Aviation  Organization  in  Sep- 
tember of  1991. 

It  is  with  the  definition  of  final  GNSS  that  my  views  may  differ 
from  those  of  other  witnesses  at  this  hearing.  GPS  is  presently 
owned  and  operated  and  funded  at  a  direct  cost  of  between  $500 
and  $600  million  per  year.  And  this  cost  is  to  continue  every  year 
that  GPS  is  in  operation. 

This  does  not  include  the  indirect  support  costs  of  the  worldwide 
tracking  network,  depreciation  of  these  assets,  and  other  costs  that 
are  addressed  in  my  written  testimony  and  attachment. 

And  I  derive  these  costs  from  the  General  Accounting  Office  re- 
port which  is  also  referenced  in  my  written  testimony.  It  is  vir- 
tually impossible  to  determine  the  actual  annual  operating  cost  of 
GPS  because  the  indirect  costs  are  commingled  with  the  overall  Air 
Force  classified  and  unclassified  space  activities. 

But  if  the  entire  GPS  operation  and  financial  responsibility,  in- 
cluding support  activities,  were  to  be  transferred  from  the  Depart- 
ment of  Defense  to  the  Department  of  Transportation  to  make  this 
a  civil  system,  as  was  Loran-C  in  1974  and  Omega  in  1980,  the 
total  annual  expenditure  would  exceed  $1  billion. 

The  alternative  to  is  leave  the  GPS  operation  with  DOD,  but  this 
has  major  implications  with  the  international  community. 

GPS,  under  this  arrangement,  is  not  internationally  acceptable. 
Sharing  of  costs  between  DOD  and  DOT  would  make  for  confusion 
and  not  alter  the  perception  of  ownership. 

The  United  States  is  on  record  with  ICAO  and  the  International 
Marine  Organization  to  supply  GPS  transmissions  without  charge 
for  the  foreseeable  future.  Since  the  typical  life  of  a  radio  aid  to 
navigation  is  50  years  or  more,  by  making  GPS  the  backbone  of  the 
GNSS,  we  are  committing  the  American  taxpayer  and  user  to  a 
very  substantial  open-ended  and,  in  my  opinion,  needless  cost;  and 
we  are  making  a  serious  strategic  mistake. 

Cooperation  with  the  international  community  to  orbit  a  GNSS 
designed  specifically  for  civil  applications  10  to  15  years  from  now 
will  result  in  a  system  having  lower  annual  operating  costs,  shared 
between  nations,  and  substantially  reduce  the  United  States'  long- 
term  financial  commitment. 

Unfortunately,  interests  in  the  Defense  Department  don't  see  it 
this  way  and  wish  to  maintain  the  upper  hand  by  denjdng  civil  use 
of  the  full  GPS  capability.  It  is  claimed  that,  by  maintaining  a  mo- 
nopoly over  the  technology,  possible  misuse  against  United  States 
interests  will  be  diminished.  This  policy  is  creating  the  conditions 
for  an  independent  international  approach  to  the  GNSS  that  will 
have  the  full  accuracy  capability  over  which  the  United  States  will 
have  little  or  no  control. 

We  are  paying  a  very  high  price  to  maintain  this  temporary  mo- 
nopoly, both  in  monetary  terms  and  in  loss  of  leadership.  The  Unit- 
ed States  alone  cannot  prevent  misuse  of  the  technology.  This  must 
be  addressed  at  the  international  level  through  ICAO  and  the  Unit- 
ed Nations  so  that  such  action  can  be  condemned  in  the  Security 
Council  and  appropriate  remedies  imposed. 
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The  potential  of  system  misuse  must  not  become  the  reason  for 
the  denial  of  an  important  and  beneficial  technology  for  inter- 
national civil  aviation. 

There  are  technical  reasons  for  addressing  the  design  of  the  ulti- 
mate GNSS.  GPS  was  never  intended  to  meet  the  full  needs  of  civil 
aviation;  and  by  making  it  do  so,  we  are  having  to  introduce  a 
range  of  expensive  augmentations  some  of  which  are  designed  to 
defeat  the  intentional  degradation  by  GNSS. 

The  number  of  satellites  in  the  GPS  constellation  alone  is  insuffi- 
cient to  meet  the  signal  availablility  and  integrity  requirements  for 
a  primary  means  of  navigation.  The  very  weak  signals,  with  their 
current  format,  are  vulnerable  to  intentional  or  unintentional  inter- 
ference. The  issue  of  jamming  of  GPS  signals  during  the  final 
phase  of  flight  by  terrorists  or  even  pranksters  has  been  raised  but 
has  generally  been  dismissed  because  there  is  no  precedence  for 
this  with  current  systems.  This  vulnerability  of  GPS  should  be 
given  more  careful  consideration  in  light  of  recent  terrorist  activi- 
ties. 

We  must  become  involved  in  international  agreements.  Bringing 
satellite  positioning  technology  into  the  national  airspace  is  com- 
plicated by  the  satellite  system's  global  coverage.  We  could  make 
a  unilateral  decision  to  employ  GPS  in  our  national  airspace,  but 
the  full  benefit  to  civil  aviation  will  only  be  derived  through  inter- 
national use  of  the  technology. 

The  advent  of  global  radio  navigation  has  added  a  new  dimension 
to  international  cooperation.  This  is  seen  with  the  Omega  and 
Loran-C  terrestrial  systems  whose  introduction  for  international 
use  was  preceded  by  the  generation  £ind  signing  of  international 
agreements. 

These  agreements  and  the  procedures  that  led  to  their  signing 
provide  precedents  for  similar  agreements  covering  satellite  naviga- 
tion. As  you  are  well  aware  from  your  extensive  experience  in  these 
matters,  Mr.  Chairman,  there  are  specific  procedures  under  United 
States  constitution,  including  congressional  oversight,  which  govern 
international  agreements.  And  a  detailed  discussion  relevant  to 
radio  navigation  is  provided  in  the  attachment  to  my  written  testi- 
mony. 

I  will  conclude  by  sajdng  that  navigation  by  satellite  has  great 
potential  which,  in  my  opinion,  will  only  be  realized  fully  when  it 
is  adopted  internationally  in  concert  with  satellite  commimication. 

Preparation  for  this  must  take  place  within  the  panels  and  com- 
mittees of  ICAO  to  be  recommended  for  adoption  by  the  ICAO  Air 
Navigation  Council. 

In  addition,  an  international  agreement  must  be  formulated  and 
negotiated  with  the  satellite  service  provider. 

It  could  take  up  to  10  years  to  conduct  this  administrative  sup- 
port work.  In  the  meantime,  GPS  should  be  used  as  a  test  bed  to 
determine  the  capabilities  and  limitations  of  the  technology  as  ap- 
plied to  civil  aviation. 

During  this  period,  the  United  States  should  cooperate  with  the 
international  community  to  implement  a  GNSS  that  would  be  fund- 
ed, operated,  and  pK)liced  internationally. 
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Mr.  Chairman,  that  completes  my  oral  testimony.  I  thank  you  for 
giving  me  the  opportunity  to  participate  in  this  important  hearing. 
I  will  be  pleased  to  respond  to  any  questions  that  you  have  for  me. 

Mr.  Oberstar.  Thank  you  very  much,  Mr.  Beukers.  And  you  are 
a  contrary  voice,  a  voice  of  caution.  And  it  is  important  to  have 
your  perspective,  and  we  appreciate  the  thought  that  you  have 
given  to  this  issue.  And  we  will  come  back  to  those  points  later. 

Next  Mr.  Watrous. 

Mr.  Watrous.  Good  afternoon  Mr.  Chairman  and  distinguished 
Members  of  the  committee. 

Mr.  Oberstar.  Symbolically,  the  other  end  of  the  spectrum. 

Mr.  Watrous.  Possibly  so,  but  I  would  hope  not. 

I  am  David  Watrous,  the  President  of  RTCA.  And  I  appreciate 
the  opportunity  to  help  apprise  you  and  the  Members  of  the  sub- 
committee with  the  fundamental  changes  that  are  about  to  occur 
in  civil  aviation  as  well  as  the  role  that  RTCA  is  playing  in  achiev- 
ing that  objective. 

As  Secretary  Pena  said  earlier  this  morning,  civil  aviation  will 
soon  experience  the  greatest  operational  change  to  have  occurred 
since  the  introduction  of  radios  and  radio  navigation  over  50  years 
ago.  This  change  is  driven  by  the  need  for  increased  capacity,  effi- 
ciency, and  safety. 

Concepts  for  achieving  this  new  operational  capability  have  been 
discussed  for  many  years.  It  is  only  now,  through  the  combination 
of  new  powerful  computers,  satellites  that  can  precisely  and  in- 
stantly establish  the  location  of  aircraft  with  an  accuracy  of  300 
feet  or  better,  and  universal  time  with  an  imcertainty  of  less  than 
1  one-millionth  of  a  second,  and  digital  communications  using  ei- 
ther satellite  or  earth-based  equipment  that  civil  aviation  can  now 
achieve  the  enhanced  capabilities  it  so  desperately  needs. 

The  resulting  Air  Traffic  Management  system  will  fully  address 
the  needs  of  aircraft  users,  airport  operators,  and  the  FAA  and  will 
truly  produce  an  integrated  and  well-balanced  system  with  greatly 
improved  operational  capabilities. 

To  move  from  concept  to  operational  capability,  the  civil  aviation 
community  needs  to  coalesce  user  requirements,  assess  technology 
options,  resolve  institutional  issues,  then  agree  on  a  strategy  and 
milestones  for  a  transitioning  to  the  ICAO  Communication  Naviga- 
tion Surveillance  Air  Traffic  Management  system. 

Consensus-based  decisions  are  needed  as  to  how  and  when  the 
change  should  occur. 

RTCA  is  in  a  unique  position  to  help  the  community  achieve 
these  objectives.  We  operate  as  a  Federal  advisory  committee,  and 
our  deliberations  are  open  to  all  who  have  interest  in  our  work. 
Our  products  are  consensus-based  recommendations  that  are  used 
as  basis  for  FAA  and  for  business  decisions. 

We  recently  completed  a  task  force  effort  that  involved  200  vol- 
unteers from  across  the  full  spectrum  of  the  aviation  community 
and  reflected  community  consensus  as  to  how  and  when  the  com- 
munity could  transition  to  satellite  navigation. 

Based  on  the  success  of  that  effort,  we  are  now  drawing  govern- 
ment and  industry  together  to  make  similar  recommendations  re- 
garding the  transition  to  digital  communications. 
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I  have  prepared  a  statement  for  the  record  discussing  RTCA  and 
how  it  operates  as  well  as  some  remarks  highlighting  the  results 
of  our  1992  satellite  navigation  task  force  and  our  current  Digital 
Communications  Initiative.  Both  activities  were  requested  by  the 
FAA  Administrator  and  reflect  that  agency's  confidence  in  our 
proven  record  of  developing  community  consensus  on  important 
communications,  navigation,  £ind  surveillance  issues. 

In  the  case  of  Global  Navigation  Satellite  System,  Transition  and 
Implementation  Strategy  Task  Force,  or  the  GNSS  task  force  for 
short,  the  committee  reached  five  general  conclusions. 

First,  aviation  system  users  need  and  want  the  operational  bene- 
fits that  will  accrue  with  the  use  of  GNSS. 

Second,  the  technology  required  to  achieve  a  GNSS  initial  oper- 
ational capability  is  available. 

Third,  there  are  no  institutional  issues  that  should  preclude 
achieving  an  early  initial  operational  capability. 

Fourth,  the  transition  to  GNSS-supported  operations  should  be 
user  driven  and  should  occur  in  an  evolutionary  manner. 

And  last,  initiatives  to  address  and  resolve  issues  attendant  with 
the  longer  term  use  of  GNSS  should  promptly  begin. 

The  Satellite  Navigation  Task  Force  went  on  to  note,  in  part, 
that  satellite-based,  automatic,  dependent  surveillance  and  the  ini- 
tial future  Category  I  precision  approaches  are  desired  this  year, 
in  1993.  Category  I  precision  approaches  are  desired  next  year,  and 
a  capability  for  satellite-based,  auto-land  capability  using  advanced 
signal  processing  techniques  by  1997. 

The  task  force  emphasized  that  the  transition  from  the  use  of 
current  ground-basea  navigation  equipment  to  a  satellite  naviga- 
tion system  should  be  based  on  the  rate  at  which  users  equip  with 
new  satellite  navigation  electronics. 

Furthermore,  users  who  invest  in  the  new  technology  should  im- 
mediately be  provided  operational  benefits  in  direct  proportion  to 
their  improved  operational  capability. 

At  an  appropriate  point  in  the  transition  process,  when  the  ma- 
jority of  users  have  completed  the  transition  to  satellite  navigation, 
traditional  ground-based  navigation  systems  should  be  decommis- 
sioned thereby  reducing  cost  to  both  government  and  industry. 

The  task  force  also  suggested  an  innovative  acquisition  strategy 
to  accelerate  the  operational  use  of  satellite  navigation  and  the 
benefits  attendant  therewith. 

In  total,  the  Satellite  Navigation  Task  Force  drew  64  specific  con- 
clusions and  made  a  total  of  116  recommendations.  Copies  of  the 
task  force  report  can  be  made  available,  sir,  to  support  your  delib- 
erations. 

The  Satellite  Navigation  Task  Force  noted,  in  completing  its  re- 
port, that  notwithstanding  the  many  benefits  associated  with  using 
satellites  to  determine  the  instantaneous  position  of  aircrafl;,  the 
full  benefit  of  satellite  navigation  can  only  be  realized  by  making 
better  use  of  airborne  and  ground-based  computers  coupled  with 
traditional  communications. 

The  FAA  Administrator  accepted  that  observation  and  requested 
RTCA  to  conduct  another  task  force.  Our  new  task  force  is  under 
way.  It,  too,  is  operating  as  a  Federal  advisory  committee.  Three 
working  groups  are  hard  at  work.  One  is  dealing  with  users  oper- 
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ational  requirements;  one  is  focusing  on  institutional  and  transi- 
tion issues;  and  a  third  is  assessing  technology  choices  and  oppor- 
tunities. 

Already  over  100  volunteers  are  contributing  to  the  development 
of  the  community  consensus  on  this  topic.  This  task  force  plans  to 
have  its  recommendations  ready  for  the  FAA  later  this  calendar 
year. 

Mr.  Chairman  and  committee  Members,  these  are  exciting  times, 
as  have  you  heard  earlier  today.  The  need  for  change  is  clear.  The 
technology  to  implement  the  change  is  available.  The  process  for 
achieving  consensus  on  the  transition  is  in  place.  And  the  true  gov- 
ernment industry  partnership  essential  to  successfully  implement- 
ing the  transition  is  evolving. 

The  United  States  is  well  postured  to  lead  the  aviation  commu- 
nity in  achieving  new  levels  of  air  transportation  capacity,  effi- 
ciency, and  safety.  The  question  before  all  of  us  is  not  if;  it  is  how 
and  when. 

Ladies  and  gentlemen,  the  time  for  action  is  now.  Thank  you  for 
the  opportunity  to  address  this  hearing.  And  I  would  be  pleased  to 
entertain  a  question. 

Mr.  Oberstar.  Thank  you  very  much  Mr.  Watrous.  And,  of 
course,  your  complete  testimony  will  be  in  the  record.  I  have  had 
the  opportunity  to  read  it  in  detail  before  the  hearings,  and  you 
have  an  enormous  amount  of  substantive  information  in  here  that 
I  find  very,  very  useful.  I  appreciate  your  summary  testimony. 

Next,  Mr.  Fleming. 

Mr.  Fleming.  Thank  you,  Mr.  Chairman.  I  am  Roger  Fleming, 
Senior  Vice  President,  Operations  and  Services,  Air  Transport  As- 
sociation of  America. 

I  understand  that  my  entire  statement  will  be  included  in  the 
record,  so  I  will  summarize. 

ATA  member  airline  interest  in  GPS/GNSS  applications  is  strong 
and  is  reflected  in  the  work  program  of  the  organization.  This 
would  come  as  no  surprise  to  you  since  Mr.  Ferguson,  who  ap- 
peared before  you  earlier,  is  a  member  of  the  ATA  board  of  direc- 
tors; and  he  has  certainly  heightened  the  interest  of  airline  chief 
executive  officers  in  this  new  technology. 

The  highest  priority  airline  objectives  in  the  technical  work  pro- 
gram are  those  that  will  produce  early  operational  benefits:  use  of 
GPS/GNSS  to  fly  diverse  routes  in  terminal  airspace  to  achieve 
precision  approach  capability  and  to  permit  reduction  of  separation 
and  timely  attainment  of  optimal  routing  and  cruise  altitudes  on 
critical  over  ocean  segments.  To  achieve  these  objectives  focus  at 
the  present  is  on  use  of  the  flight  management  system  capability 
in  our  more  modem  airplane  types  to  accommodate  these  objec- 
tives. 

Each  of  the  work  program  elements  includes  a  number  of  steps. 
For  example,  the  Precision  Approach  Project  started  with  more 
flexible  routings  in  terminal  areas,  progresses  to  non-precision  ap- 
proach, and  moves  on  to  precision  approach.  And  that  is  exactly  the 
process  that  will  be  followed  with  the  Continental  Airlines  applica- 
tions in  which  Mr.  Ferguson  expressed  interest. 

The  over  ocean  project  starts  with  inertially  derived  aircraft  posi- 
tion relayed  to  the  oceanic  ATC  center  by  satellite  communications 
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link  and  transitions  later  to  GPS/GNSS  position  data  linked  to 
ATC. 

Ultimately,  the  objective  of  FAA  and  eQI  the  users  is  to  transition 
to  the  ICAO  Future  Navigation  Systems  Air  Traffic  Management 
concept  which  will,  when  implemented,  allow  operators  to  fly  con- 
flict-free, user-preferred  routings  from  departure  point  to  destina- 
tion. 

This  will  require  highly  accurate  navigation  capability  on  the  air- 
plane, which  clearly  can  be  accomplished  with  GPS/GNSS  tech- 
nology; near  instantaneous  communications  ability,  Mr.  Watrous 
has  talked  to  you  about  the  ongoing  effort  in  RTCA  with  respect 
to  evolution  to  digital  communications  technology;  and  a  high  de- 
gree of  automation  in  the  ATC  system.  The  that  latter  has  been  the 
subject  of  a  recent  hearing  that  you  convened  with  respect  to  the 
Advanced  Automation  System,  relevant  at  some  point  in  the  future. 

The  transition  to  FANS  will  be  costly,  and  it  must  be  planned 
carefully  to  ensure  that  the  introduction  of  benefits  justifies  the  in- 
vestments that  will  be  required  by  both  government  and  users. 
Focus  on  the  early  operational  benefits  can,  we  believe,  drive  the 
implementation  process  both  within  the  U.S.  airspace  as  well  as  in 
the  international  airspace. 

And  here,  I  might  add,  that  the  U.S.  airlines  are  certainly  mov- 
ing aggressively  to  take  advantages  in  both  areas,  domestically  and 
internationally;  we  are  working  cooperatively  with  our  inter- 
national colleagues  in  the  International  Air  Transport  Association 
and  finding  a  great  deal  of  interest  in  that  community  as  well. 

The  transition  planning  for  how  to  accomplish  all  this,  how  to 
move  from  the  current  generation  technology  to  GNSS  and  digital 
communications  technology,  will  be  critical  to  our  success.  The  FAA 
and  the  airlines  have  been  working  together  to  pursue  some  of 
these  early  operational  benefits  that  I  have  mentioned. 

Again,  Mr.  Ferguson  mentioned  the  significance  of  those  benefits 
to  his  company  and  provided  his  estimates  of  the  potential  cost  ad- 
vantages. Other  ATA  member  airlines  are  working  with  manufac- 
turers and  FAA  on  complementary  development  work.  United  and 
Northwest  are  pursuing  over-ocean  benefits  associated  with  the 
introdction  of  automatic  dependant  surveillance  technologies  on  the 
oceanic  routes  such  as  Los  Angeles-Sydney.  Among  our  colleagues 
at  the  table,  David  Haapala  is  involved  with  that.  American  Air- 
lines is  achieving  Category  I  landing  minimums  using  an  inte- 
grated GPS/inertial  navigation  solution  on  a  B-757  aircraft.  This 
effort  will  be  extended  later  in  cooperation  with  Boeing  and  others 
to  seek  FAA  approval  of  ultimately,  Category  III  landing  mini- 
mums. 

All  the  activities  I  have  just  described  are  being  pursued  based 
upon  the  promise  of  safety  and  operational  benefits  that  can,  in  the 
airlines'  judgment,  justify  the  cost  of  the  necessary  modifications  of 
the  airplanes. 

However,  the  potential  benefits  are  all  dependent  upon  soundly 
planned  and  coordinated  FAA  and  industry  actions  to  carry  out  the 
transition  to  applications  of  the  new  technologies. 

The  evolution  to  space-based  systems  will  be  governed  primarily 
by  economic  and  institutional  issues,  not  by  technology. 
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The  pace  of  airline  equipment  modification  will  be  tempered  by 
the  requirement  to  achieve  a  rapid  pay  back  on  the  capital  that 
must  be  invested  in  the  new  technology. 

And,  here  again,  Mr.  Ferguson  pointed  out  that  the  potential 
benefits  are  other  than  those  involving  capital  investment  when  he 
showed  you  the  rack  in  the  727  that  could  be  replaced  by  several 
small  units. 

The  technology  is  available.  The  question  is  whether  the  Con- 
gress, the  FAA  and  the  industry,  working  together,  can  develop 
and  execute  a  transition  plan  resulting  in  the  implementation  of 
these  new  capabilities  in  a  reasonable  time  frame. 

RTCA  laid  out  the  road  map  that  needs  to  be  pursued  to  imple- 
ment GNSS.  And  Task  Force  2,  as  Mr.  Watrous  reported,  is  work- 
ing on  digital  communications  which,  in  our  judgment,  is  an  even 
more  challenging  set  of  problems. 

FAA  has  initiated  a  number  of  planning  activities  not  all  of  them 
adequately  coordinated  with  the  airspace  users.  That  should  not  be 
surprising.  One  of  the  reasons  that  is  taking  place  is  because 
things  are  changing  so  rapidly  in  the  FAA  as  well  as  in  the  indus- 
try that  it  is  very  difficult  for  all  of  us  to  keep  in  harmony. 

However,  the  user's  view  of  what  is  needed  and  how  the  transi- 
tion should  be  affected  is  not  yet  taken  adequately  into  account  by 
FAA  in  my  judgment.  And  I  believe  Mr.  Pozesky  agreed  this  morn- 
ing during  your  questions  to  him  that  a  more  rigorous  approach  to 
that  problem  is  going  to  have  to  be  pursued. 

The  airlines  in  the  United  States  have  been  critical  of  the  FAA 
timetable  and  milestones  laid  out  in  the  FAA  Satellite  Navigation 
Master  Plan  and  other  related  documents.  We  are  all  going  to  have 
to  exercise  imagination  and  leadership  if  we  hope  to  realize  the  po- 
tential advantages  of  satellite  technology  in  a  reasonable  time 
frame. 

We  hope  that  you  will  be  able  to  assist  us  in  achieving  these 
goals,  Mr.  Chairman,  by  urging  FAA  to:  one,  develop  a  single,  inte- 
grated plan  in  consultation  with  the  users  to  implement  the  new 
technologies  for  the  purpose  of  realizing  the  safety  and  operational 
benefits  for  the  government,  the  U.S.  manufacturing  industries, 
and  the  users;  two,  to  develop  and  put  in  place  a  management 
structure  and  process  to  ensure  that  the  diverse  efforts  of  FAA  are 
all  pulling  together  in  a  coordinated  manner  and  time  frame;  and, 
three,  to  identify  any  additional  resources  that  may  be  required  to 
execute  the  program. 

Finally,  I  would  like  to  note,  Mr.  Chairman  that  none  of  the  tech- 
nology applications  that  we  are  discussing  here  today  will  be  worth 
a  great  deal  without  fundamental  changes  in  the  way  the  air  traffic 
control  system  does  business.  Some  significant  changes  are  going 
to  have  to  take  place.  And  the  current  mode  of  operation  and  expe- 
rience indicates  that  introducing  change  within  the  air  traffic  con- 
trol system  is  not  easy,  either  in  the  United  States  or  outside  the 
United  States. 

Thank  you,  Mr.  Chairman. 

Mr.  Oberstar.  Thank  you  very  much,  Mr.  Fleming;  and  to  that 
latter  point  we  shall  return.  I  assure  you  that  that  raises  some 
very  important  questions  for  me. 

And  now,  Captain  Haapala— that  is  a  good  Finnish  name. 
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Mr.  Haapala.  Thank  you.  I  am  Dave  Haapala  from  Northwest 
Airhnes.  I  am  Director  of  the  Flight  Technology  Group  at  North- 
west. I,  too,  have  a  written  document  for  you  to  look  to,  but  I  will 
paraphrase  that  and  summarize  that  in  my  oral  testimony  now. 

I  echo  the  statements  made  about  enthusiasm  for  this  new  sys- 
tem, particularly  Mr.  Ferguson's  remarks  this  morning.  But  I  also 
will  be  indicating  some  frustration  that  goes  along  the  lines  of  that 
just  expressed  by  Mr.  Fleming. 

When  you  look  at  it  from  this  point  of  view,  that  in  1983  ICAO 
first  beg£in  work  on  its  definition  of  new  future  air  navigation  sys- 
tem, in  1987,  four  years  after  that,  it  published  its  report  on  the 
FANS  system;  and  now  here  it  is  1993,  and  we  are  just  barely  get- 
ting started  on  this  new  navigation  system.  And  we  are  talking 
about  2015,  according  to  one  plan  I  have  seen  of  the  FAA's,  before 
we  see  a  full  implementation  of  this  system.  In  our  view,  this  is 
just  taking  too  much  time. 

We  say  that  because  the  operational  and  economic  implications 
of  the  new  airspace  system  are  enormous.  The  FANS  report  states 
that  there  could  be  savings  of  $5  billion  a  year  in  reduced  fuel 
usage  and  time,  based  on  better  routes,  altitudes,  and  fewer  disrup- 
tions. Along  with  better  communications  for  our  airlines  operations 
control,  and  we  could  reduce  avionics  cost.  That  was  demonstrated 
so  vividly  here  this  morning  with  the  display  of  the  avionics  that 
could  be  taken  out  of  the  airplanes  and  replaced  if  newer,  more  ca- 
pable, more  universal  systems  that  can  guide  us  all  the  way  from 
taxi  through  takeoff,  through  landing  and  taxi  back  in  again. 

And  this  new  savings  also  comes  with  a  much  more  capable  sys- 
tem in  our  view.  We  nave  studied  these  systems,  both  the  naviga- 
tion systems  and  the  communications  systems;  and  we  believe 
eventually  they  will  be  replacing  ILS  and  can  eclipse  MLS.  And  I 
recognize  that  that  is  not  without  some  controversies,  especially  in 
Europe. 

But  also,  it  can  take  out  all  of  the  other  serial  systems  that  we 
have  now,  such  as  compass  locators  and  automatic  direction  finders 
and  VHF  navigation. 

And  it  can  also  take  out  this  1930s  shortwave  like  HF  system 
that  we  still  rely  on  for  oceanic  communications. 

Let  me  give  you  a  quick  anecdote.  Just  the  other  day  one  of  our 
airplanes  crossing  the  Pacific  from  Los  Angeles  to  Fiji  had  onboard 
a  new  voice  system,  one  of  those  that  we  are  testing  in  the  Pacific 
intertial  trials. 

A  woman  passenger  suffered  what  appeared  to  be  a  heart  attack 
en  route  somewhere  near  Fiji.  The  captain  was  able  to  make  a 
quick  phone  call  in  a  matter  of  seconds  to  our  operations  control 
in  Minneapolis,  and  they  patched  them  into  the  Mayo  Clinic  in  a 
matter  of  seconds  and  to  the  controllers  in  Fiji,  and  they  had  a 
four-way  conference  call  set  up  in  less  than  a  minute.  The  Mayo 
Clinic  was  able  to  advise  the  crew  that  they  believed  that  the 
woman  was  in  danger  from  a  heart  attack,  and  they  were  all  in 
process  before  they  had  to  make  the  request.  All  of  this  as  a  result 
of  satellite  communications  which  we  are  only  now  beginning  to  in- 
troduce. 

Northwest  is  also  very  active  in  the  promise  of  enhanced  vision, 
as  we  call  it,  which  is  a  combination  of  the  space-based  navigation 
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system  and  then  relying  on  for  the  last  few  feet  for  the  pilot  to  talk 
over  eventually  using  a  heads-up  display  and  millimeter  wave  or 
infrared  to  complete  the  landing.  And  if  you  have  any  questions 
about  that,  I  would  be  happy  to  talk  about  that. 

We  believe  that  coupling  these  two  systems  together  will  allow 
even  the  most  modem  airplanes,  the  A-320  or  Boeing  737,  to  make 
similar  landings  at  Duluth,  Minnesota,  Mr.  Chairman,  or  Omaha 
or  Fargo,  Rochester,  Shreveport,  many  of  these  airplanes  that  do 
not  have  the  Cat  II,  Cat  III  capability. 

The  frustration  is  that  we  have  all  of  these  systems  that  we  are 
ready  to  start  to  put  on  our  airplanes.  We  believe  that  the  tech- 
nology is  reasonably  mature.  There  are  some  questions  that  still 
must  be  asked.  But  we  don't  see  the  benefits  that  we  need  to  get 
from  these  things  to  pay  for  these  systems  in  the  near  term.  And 
the  reason  we  don't  see  the  benefits  is  because  the  whole  infra- 
structure is  not  yet  in  place. 

A  few  months  ago,  at  Reston,  Virginia,  I  addressed  a  conference 
there  on  worldwide  navigation;  and  I  used  the  analogy  of  Edison's 
light  bulb  invention  at  the  close  of  the  last  century.  It  was  a  mar- 
velous invention  that  every  school  child  knows  about;  but  it  wasn't 
until  the  invention  of  the  electrical  network  system  that  came  later 
that  the  light  bulb  was  useful. 

That  is  the  same  situation  that  we  are  facing  today,  we  need  the 
whole  system  in  place;  and  that  system  is  not  only  the  communica- 
tions network  and  link  between  aircraft  and  the  ground  or  the 
navigation  accuracy  that  we  put  on  our  airplanes  but  the  ability  to 
use  them.  Because  the  air  traffic  control  system  is  similarly 
equipped  with  modem  computers  and  enhancements  to  be  able  to 
communicate  in  information  more  readily. 

Now  why  doesn't  this  system  come  into  place  more  rapidly?  In 
our  view,  in  some  respects,  it  is  nearly  stalled,  to  use  the  aviation 
term.  Simple  changes,  such  as  pre-departure  clearance  and  Auto- 
matic Terminal  Information,  ATIS,  that  we  have  been  trying  to  in- 
troduce over  the  last  few  years  are  only  beginning  to  start.  We 
have  got  pre-departure  clearance  at  30  some  airports  and  ATIS  at 
two  airports,  two  things  the  pilots  want  very,  very  badly. 

We  have  oceanic  clearance  across  the  North  Atlantic  but  only  in 
one  direction.  And  we  have  been  in  the  process  of  developing  that 
for  four  years.  It  is  simply  coming  too  little,  too  slow,  in  our  view. 
If  we  keep  on  that  migration  to  the  new  systems,  it  is  going  to 
leave  us  with  what  I  call  a  benefit  gap,  the  time  between  when  we 
want  to  equip  our  airplanes  and  we  start  putting  the  money  for- 
ward and  we  actually  start  getting  some  benefits  from  it. 

I  want  to  quickly  say  that  the  problem  here,  in  my  view,  is  not 
the  people;  it  is  not  the  organizations.  We  have  got  talented,  ener- 
getic people  in  this  industry.  We  have  marvelous  organizations, 
both  private  and  government  organizations,  that  are  well  managed 
and  organized.  But,  nevertheless,  we  are  still  missing  the  point. 

There  are  some  reasons  that  I  have  spelled  out  in  my  written 
testimony,  and  I  will  summarize  them  here. 

Part  of  it  is  because  the  aviation  industry  is  so  diverse,  it  is  so 
vast  in  its  scope,  and  it  is  so  complex  that  we  have  so  many  organi- 
zations and  disciplines  involved  in  it.  We  have  everything,  such  as 
consensus  bodies,  as  SWC,  the  Airline  Electronic  Engineers,  and 
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RTCA,  that  Dave  Watrous  represents  here.  We  have  market-driven 
organizations,  the  aircraft  manufacturers,  the  avionics  vendors,  the 
airlines,  and  to  some  degree  the  service  providers  such  as  AIRING 
or  SETA.  And  we  have  advocacy  and  advisory  groups  that  include 
organizations  such  as  AOPA,  the  NBAA,  ATA,  LATA,  and  think 
tanks  from  NASA  to  Lincoln  Laboratory,  and  so  on. 

And  all  of  these  organizations  have  subgroups.  And  many  of 
these  subgroups  are  meeting  just  as  we  speak  and  using  extremely 
arcane  language,  I  call  them  acronym-laced  language  that,  in  many 
ways,  causes  this  whole  process  to  become  a  tower  of  babble  where 
almost  nobody  knows  what  the  overall  picture  is  and  very  few  peo- 
ple can  even  have  a  good  idea  of  some  other  important  aspects  of 
this  overall  process  that  needs  to  be  going  on. 

Another  problem  we  have  is  too  much  allegiance  to  personal  in- 
terest. Someone  representing  an  organization  merely  has  to  be  con- 
cerned about  protecting  what  is  dear  to  that  organization  and 
doesn't  have  to  be  concerned  about  making  a  compromise  that  is 
necessary  to  give  in  to  somebody  else's  special  interest  in  order  to 
get  the  overall  job  done. 

And  there  is  no  overall  implementation  plan,  organization,  or  ac- 
countability. I  recognize  that  the  FAA — and  it  was  testified  to  here 
this  morning — does  have  a  plan.  They  do  have  people.  Thev  do 
have  procedures  and  so  on  in  place.  But  I  am  talking  about  a  larg- 
er organization  than  that  that  encompasses  more  than  just  the  gov- 
ernment but  also  private  interests  as  well  in  a  partnership  ar- 
rangement. And  I  will  have  a  couple  of  more  things  to  say  about 
that. 

And  this  must  include,  as  I  know  you  have  pointed  out  Mr. 
Chairman,  not  only  the  experts  from  the  industry,  that  is  the  tech- 
nicians and  the  engineers,  not  only  the  government  personnel  or 
ICAO  personnel  in  the  international  scene,  but  also  controllers,  pi- 
lots, also  dispatchers,  and  people  not  only  who  are  experts,  tech- 
nical experts  but  also  have  some  proven  innovative  expertise  as 
well  in  working  with  other  people. 

There  is  also  the  issue  of  too  much  bureaucracy,  and  this  is  not 
intended  to  be  criticism  of  any  particular  group,  either  inside  or 
outside  of  government.  That  is  a  fact  of  life  any  time  we  have  a 
large  organization.  And  particularly  the  hierarchical  organization 
that  we  use  is  not  necessarily  working  very  well  for  this  type  of  a 
program. 

And  I  would  suggest  that  we  do  use  a  management  structure 
somehow  like  Mr.  Pozesky  talked  about  this  morning,  which  is  a 
team  approach  that  is  used  in  Detroit  by  his  organization  and 
could  be  applied  across  the  industry  both  in  government  and  the 
airlines  or  other  private  institutions  as  well. 

For  the  airlines,  too,  there  is  too  much  emphasis  on — past  em- 
phasis on  volunteerism.  And  this  may  seem  strange  because  vol- 
unteerism,  of  course,  is  a  noble  pursuit  and  we  cannot  live  without 
that.  But  the  airlines  very  engineers  had  to  put  personnel  on  these 
types  of  problems  through  various  ocean  organizations.  And  they 
just  no  longer  can  do  that. 

So,  therefore,  that  type  of  user  is  no  longer  coming  to  the  various 
forums  where  these  development  processes  take  place.  Those  peo- 
ple must  be  brought  back  into  the  forum,  but  they  must  be  brought 
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back  in  such  a  way  that  they  can  cover  their  costs.  With  all  of 
these  things,  we  have  several  results  that  do  occur  that  are  not 
what  we  would  like  them  to  be. 

We  do  not  have  enough  control  over  the  overall  process  for  the 
users  and  the  airline's  point  of  view.  We  don't  have  enough  of  our 
inputs,  enough  of  our  validation,  enough  of  our  programming  view 
in  the  process  from  our  point  of  view,  just  not  enough  activity  that 
we  are  actively  involved  in. 

Therefore,  some  of  our  operational  solutions  as  technical  solu- 
tions cannot  be  applied.  I  have  seen  this  happen  from  my  point  of 
view  too  many  times  where  the  engineers  only  look  to  the  technical 
solution  when  there  is  a  pilot  or  controller  an  operational  or  proce- 
dural solution  that  may  solve  the  problem  much  more  simply, 
quickly,  and  less  costly. 

There  is  also  in  many  of  our  institutions  no  urgency,  really,  to 
complete  anything.  And,  therefore,  development  dollars  are  some- 
times wasted,  and  operational  improvements  that  could  save  the 
airlines  billions  of  dollars  a  year  languish. 

That  is  the  conclusion  of  my  verbal  testimony,  Mr.  Chairman; 
and  I  thank  you  for  your  time. 

Mr.  Oberstar.  Thank  you,  Mr.  Haapala.  I  am  very  much  appre- 
ciative of  your  presentation.  And  you  have  raised  some  important 
points  to  which  we  will  return  later. 

Now,  Mr.  Brown. 

Mr.  Brown.  Thank  you,  Mr.  Chairman,  Members  of  the  sub- 
committee. 

I  am  Steven  Brown,  a  Senior  Vice  President,  Government  and 
Technical  Affairs  for  the  Aircraft  Owners  and  Pilots  Association. 

AOPA  represents  310,000  individual  aircraft  owners  and  pilots 
who  fly  aircraft  for  business  and  personal  transportation  needs. 
And  we  now  represent  nearly  two-thirds  of  all  the  aircraft  owners 
and  pilots  in  the  country. 

I  appreciate  the  opportunity  to  appear  before  the  committee 
today  to  comment  on  the  efforts  that  FAA  has  under  way  to  inte- 
grate satellite  technology  in  their  airspace  modernization  plans. 

Mr.  Chairman,  I  am  pleased  to  note  that  significant  progress  is 
being  made  in  this  area  from  our  viewpoint.  FAA  has  a  number  of 
ongoing,  very  aggressive  research  and  development  projects  which 
will  lead  to  capacity  and  safety  improvements  in  the  near  term. 

The  aviation  community,  as  you  have  heard  from  Mr.  Watrous, 
through  RTCA  is  actively  identif5dng  satellite  application  opportu- 
nities and  establishing  industry  standards  that  will  enable  airspace 
system  users  to  extract  the  operational  benefits  from  the  equip- 
ment that  they  will  purchase  in  the  future. 

We  at  AOPA  have  been  leaders  in  each  of  these  areas  and  have 
a  continuing  involvement  with  FAA  in  cooperative  demonstration 
projects  that  are  now  focused  on  improving  the  benefits  of  GPS  pre- 
cision approaches  and  landing  in  general  aviation  aircraft;  the 
equipment  that  you  saw  on  the  table. 

The  local  differential  we  have  had  operational  at  Frederick, 
Maryland,  where  we  are  headquartered  for  the  last  two  weeks  and 
are  flying  in  a  single  engine  aircraft.  And  I  invite  you  and  any  of 
the  other  Members  of  the  committee  that  are  interested,  and  staff. 
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in  the  time  that  you  might  have  available,  to  come  and  participate 
in  those  demonstrations  if  you  would  like. 

It  is  ironic  and  revealing  to  us  that  satellite  technology  was  bare- 
ly mentioned  back  in  the  original  NAS  Plan.  It  clearly  holds  the 
most  promise  for  future  benefits  in  the  future  system  and  clearly 
will  offer  more  affordable  and  efficient  use  of  the  airspace. 

As  you  know,  we  have  long  maintained  that  satellite  technology 
should  be  the  core  £uid  the  centerpiece  of  future  NAS,  which  is  now 
called  the  capital  improvement  plan.  And  clearly  advancing  tech- 
nology over  that  12  years  has  overtaken  much  of  some  original 
NAS  Plan. 

As  you  commented  this  morning,  Mr.  Chairman,  the  Microwave 
Landing  System  is  a  classic  case  of  this  very  premise  that  we  have 
laid  out  many  times  and  believe  that  this  billion  dollars  that  can 
be  saved  by  economizing  on  the  Microwave  Landing  System  is  es- 
sential for  the  future. 

As  you  know,  the  industry  is  facing  higher  taxes  and  fees,  and 
saving  on  future  programs  like  that  will  be  essential  in  preserving 
jobs,  manufacturing  and  productivity,  as  well  as  competitiveness  in 
this  sector  of  our  economy. 

The  core  of  the  plan  that  I  would  summarize  for  you,  Mr.  Chair- 
man, has  to  do  with  FAA  management  challenges  in  the  future  in 
the  area  of  satellite  technology. 

As  it  attempts  to  implement  the  technology  that  we  have  all 
talked  about  today,  I  believe  that  FAA  faces  a  number  of  major 
challenges. 

As  you  know,  Mr.  Chairman,  the  FAA  is  organized  as  a  highly 
interdependent  agency.  When  new  technology  is  implemented,  it 
requires  FAA  to  perform  research,  conduct  demonstrations,  specify 
standards,  grant  certification,  establish  procedures,  and  alter  air 
traffic  control  methods. 

If  any  of  these  necessary  activities  are  managed  poorly  or  lag  se- 
riously behind  the  others,  the  inevitable  technology  will  not  be  de- 
veloped, and  the  users  will  not  receive  the  potential  benefits  that 
they  have  invested  in.  Therefore,  it  is  essential,  in  our  view  points, 
that  FAA  make  measurable  progress  in  all  of  the  areas  that  I  have 
mentioned  at  a  similar  pace  and  with  common  objectives. 

In  the  satellite  programs,  in  particular,  we  believe  that  FAA  is 
either  behind  or  struggling  to  stay  at  pace  in  a  number  of  critical 
areas.  From  our  view  points,  the  procedure  development  process 
appears  to  be  nearly  dormant,  especially  as  it  relates  to  new  sat- 
ellite procedures. 

In  addition,  the  pace  of  air  traffic  control  adjustment  to  new 
methods  and  airspace  organization  concepts  appears  to  be  glacial. 
I  believe  FAA  risks  the  devastating  legacy  of  having  defined,  dem- 
onstrated and  certified  new  satellite  technologies,  but  potentially 
failing  at  establishing  procedures  and  air  traffic  control  policies  to 
enable  the  benefits  of  increased  system  efficiency,  capacity,  and 
safety. 

I  hope  that  Mr.  Pozesky's  forecast  this  morning  that  some  of  this 
lack  of  supervision  is  due  to  communication  problems  more  than 
substance  holds  to  be  true,  but  I  am  looking  forward  to  that  com- 
munication. For  example,  we  believe  that  while  FAA  has  approved 
GPS  for  overlay  use  of  existing  approaches,  it  has  not  developed 
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even  one  new  approach  procedure  to  one  of  the  many  thousands  of 
airports  that  would  perceive  instrument  approach  guidance  for  the 
first  time,  and  FAA  has  failed  previously  to  develop  such  proce- 
dures for  Loran-C  technology  that  would  have  offered  instrument 
flight  benefits  for  the  investment  and  equipment  that  more  than 
100,000  general  aviation  payments  made. 

And  this  very  area  was  a  focus  of  questioning  between  Mr. 
dinger  and  Mr.  Broderick  this  morning. 

Clearly  the  substantial  savings  of  benefits  inherent  to 
transitioning  to  the  system  in  the  future  are  far  too  great  to  pass 
up.  We  believe  that  it  will  save  billions  on  some  of  the  existing  CIP 
programs  which  will  be  unnecessary  or  incompatible  with  the  new 
satellite  system. 

Mr.  Brown.  Last  thing,  Mr.  Chairman,  I  would  like  to  note  in 
summary,  that  while  we  are  encouraged  with  FAA's  recognition  of 
the  benefits  that  they  have  highlighted  throughout  the  day  today, 
and  are  especially  encouraged  by  Secretary  Pena's  inaugural  ap- 
pearance in  front  of  this  committee  on  this  issue  as  being  a  very 
significant  mark  of  the  administration's  support  for  satellite  pro- 
grams, we  still  believe  there  is  a  need  for  increased  management 
focus  and  leadership  on  FAA's  part  that  satellites  are  the  way  of 
the  future  and  should  be  the  centerpiece  of  FAA's  modernization 
initiative  throughout  the  rest  of  this  century. 

We  believe  that  FAA  must  overcome  the  management  challenges 
I  have  tried  to  outline  and  must  prove  its  ability  to  design  proce- 
dures and  air  photographic  control  changes  that  will  enable  the 
user  benefits  that  we  are  all  investing  in.  We  urge  the  committee 
to  help  keep  FAA  focused  on  the  need  to  look  forward  rather  than 
back  on  some  old  technology,  and  we  believe  the  results  will  be  bil- 
lions in  savings  compared  with  some  of  FAA's  original  intentions 
in  technology  development. 

Mr.  Chairman,  I  thank  you  and  look  forward  to  your  questions. 

Mr.  Oberstar.  Thank  you  very  much  for  a  very  good  review  of 
the  subject  matter. 

And  now,  Mr.  O'Brien. 

Mr.  O'Brien.  Thank  you.  Chairman  Oberstar. 

Mr.  Chairman  and  Members  of  the  subcommittee,  I  am  John 
O'Brien,  Director  of  the  Engineering  and  Air  Safety  Department  of 
the  Air  Line  Pilots  Association.  ALPA  represents  the  professional 
interests  of  42,000  pilots  flying  for  44  airlines. 

In  the  interests  of  time,  I  will  shorten  my  already  short  state- 
ment, which  is  only  about  four  pages,  to  a  page  and  a  half 

We  have  heard  many  benefits,  both  economic  and  safety,  associ- 
ated with  satellite  technologies.  Rather  than  reiterating  those  ben- 
efits, I  would  like  to  just  indicate  one  concern  that  we  have  associ- 
ated with  our  ability  to  achieve  or  make  maximum  use  of  these 
benefits.  That  concern  is  that  we,  the  collective  we  in  this  case,  the 
industry  and  the  government,  may  not  have  adequate  resources  to 
mount  the  effort  required  to  achieve  these  maximum  benefits  at 
the  earliest  possible  time.  In  this  case  I  am  talking  about  the  gran- 
diose satellite  scheme,  the  FANS  scheme  referred  to  earlier. 

We  can't  afford  to  put  up  another  satellite  constellation;  the 
users  nor  the  government  can  afford  this.  We  have  one  in  existence 
today  so  I  am  going  to  concentrate  on  how  best  to  use  that  system 
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I  am  going  to  speak  from  the  perspective  of  this  country  because 
the  44  airlines  I  spoke  about  are  interested  in  economics  and  safety 
benefits  associated  with  operations  conducted  primarily  in  this 
country  and  over  the  oceans  surrounding  this  country.  There  will 
be  a  natural  carry-over  to  other  countries. 

The  effort  required  on  the  part  of  the  industry  and  government 
has  many  components.  I  would  like  to  focus  on  what  we  believe  is 
the  most  critical.  That  component  involves  defining  the  operational 
requirements  for  both  airline  and  general  aviation  use  of  satellite 
technologies  and  the  criteria  that  FAA  will  use  to  either  certificate 
the  hardware  and  software  associated  with  these  technologies  or 
the  guidelines  that  FAA  will  use  to  approve  the  operational  tech- 
niques. 

Today  advisory  committees  like  RTCA,  that  Mr.  Watrous  re- 
ferred to  earlier,  play  an  important  role  in  this  process.  They  are 
the  ones  that  develop  the  industry  consensus  and  provide  the  cri- 
teria from  which  FAA  develops  its  TSOs  or  other  regulatory  or 
gfuidance  material. 

As  Mr.  Pozesky  and  Mr.  Broderick  pointed  out,  there  is  a  TSO 
for  GPS  receivers.  It  is  the  only  one  and  it  is  not  applicable  to  air- 
line use.  It  doesn't  address  many  of  the  broad  applications  that  are 
necessary.  So  there  is  much  more  work  to  be  done  in  this  area. 

That  is  not  a  criticism  on  FAA.  That  is  a  criticism  on  industry 
because  we  need  to  get  together,  we  need  to  decide,  as  Mr.  Fer- 
guson indicated  earlier  today,  what  it  is  we  want  to  do  and  how 
we  want  to  do  it.  Once  we  decide  that,  then  FAA  can  define  its  cer- 
tification criteria  and  manufacturers  can  build  the  hardware  and 
software  necessary  to  fit  those  operational  requirements.  We  are 
not  performing  that  task  very  well  today. 

As  Captain  Haapala  pointed  out,  there  are  several  groups  that 
are  involved  in  this  process  and  we  need  to  define  a  focal  point  to 
collect  all  this  activity  and  maybe  RTCA  is  the  place  to  do  that. 
RTCA  has  played  a  significant  role  in  the  development  of  certifi- 
cation criteria  for  many  avionic  systems. 

If  the  picture  I  just  painted  is  accurate,  and  I  believe  it  is,  how 
do  we  move  towards  rapid  implementation? 

Well,  first  let  me  build  on  what  Secretary  Pena  discussed  this 
morning.  If  he  is  truly  committed  to  seeing  the  benefits  of  GPS  or 
other  satellite  systems,  one  of  the  things  that  maybe  this  commit- 
tee could  do  in  conjunction  with  the  Secretary  is  look  at  the  cap 
on  spending  for  advisory  committees. 

The  FAA  finds  itself  in  a  very  difficult  time  today  or  position 
today.  It  cannot  provide  the  resources  necessary  for  advisory  com- 
mittees like  RTCA  to  function  in  the  role  that  they  were  designed 
to  do.  So  that  may  be  the  first  thing  you  might  want  to  look  at. 

Second,  we  need  a  clear  and  definitive  direction  jointly  estab- 
lished by  FAA  and  industry,  in  other  words,  a  road  map  for  early 
implementation.  Again,  I  would  just  second  a  lot  of  things  that 
Captain  Haapala  said  in  this  case,  but  without  that  clear  road 
map,  we  cannot  orderly  transition  to  a  system  that  involves  many 
of  the  components  that  are  necessary  to  support  GPS  like  the  digi- 
tal communications  link  that  was  referred  to  earlier  today. 
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And  third,  pending  adequate  FAA  advisory  committee  funding 
and  development  of  this  clearer  road  map,  our  industry  must  be 
willing  to  commit  resources  for  the  development  of  this  material. 

Yes,  airlines  are  in  a  difficult  financial  position  today,  but  given 
that  clear  road  map,  given  the  focal  point,  I  am  sure  that  North- 
west and  other  airlines  will  provide  the  resources  and  the  person- 
nel to  participate  in  this  industry  consensus  development.  I  know 
that  there  is  one  organization  that  is  committed  today  and  I  will 
go  on  record  as  indicating  that  the  Air  Line  Pilots  Association  will 
commit  the  resources,  staff,  time  and  effort  to  do  this. 

In  summary,  we  believe  the  present  satellite  systems  have  sig- 
nificant communication,  navigation,  and  surveillance  capabilities. 
However,  these  capabilities  are  not  being  used  in  a  manner  that 
provides  maximum  benefit  to  aircraft  operators  or  government 
agencies  who  must  provide  the  services  to  these  operators. 

That  refers  to  the  ATC  question  that  was  brought  up  earlier. 
Very  little  pure  research  or  engineering  is  needed  in  order  to  great- 
ly increase  the  use  of  these  capabilities.  What  is  needed  is  rapid 
definition  and  development  of  industry  consensus  on  the  oper- 
ational requirements  and  on  the  technical  data  which  will  be  used 
by  FAA  for  certification  and  the  operational  approval  of  the  hard- 
ware, software,  and  operational  techniques  associated  with  these 
requirements. 

The  Subcommittee  on  Aviation  can  play  an  important  role  in  this 
process,  Mr.  Chairman. 

Thank  you  for  the  opportunity  to  testify.  I  will  be  happy  to  an- 
swer any  questions  at  the  appropriate  time. 

Mr.  Oberstar.  Thank  you  very,  very  much,  Mr.  O'Brien.  We 
greatly  appreciate  your  perspective  and  that  of  the  Air  Line  Pilots 
on  this  important  matter,  and  I  have  some  points  that  I  will  come 
back  to. 

Our  final  witness  of  this  panel,  Mr.  Poritzky,  who  has  a  very 
long  association  with  this  subject  going  back  to  your  years  with  the 
FAA.  You  were  there  at  the  formulation,  at  the  creation,  as  it  were, 
of  this  technology  and  now  you  continue  to  pursue  it  from  a  dif- 
ferent perspective.  And  we  look  forward  to  your  observations  on 
these  technology  operations  and  its  application. 

Mr.  Poritzky.  Thank  you.  Thank  you.  Members  of  the  sub- 
committee. 

I  am  Sieg  Poritzky  with  the  Airports  Council  International  rep- 
resenting the  major  airports  of  North  America. 

We  believe  that  GNSS/GPS — and  I  use  those  terms  advisedly — 
will  be  a  major  element  in  the  technology  of  airport  and  system  ca- 
pacity and  in  the  essential  coupling  of  the  airport  and  the  air  traf- 
fic management  system.  I  want  to  report  to  you  on  the  recent  ac- 
tion of  the  Board  of  the  Airports  Council  International-North  Amer- 
ica which  recognized  that  system  integration  and  better  informa- 
tion flow,  which  most  of  us  here  have  talked  about,  are  the  keys 
to  a  modem  aviation  technical  infrastructure. 

Our  Board  endorsed  an  integrated  policy  of  several  elements:  The 
Global  Navigation  Satellite  System,  whose  correct  definition,  I  be- 
lieve, the  system  of  several  satellite  services  to  which  the  GPS  is 
the  major  U.S.  contribution,  is  expected  to  be  the  primary  naviga- 
tion system  enroute  and  especially  in  terminal  areas,  along  with 
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the  Microwave  Landing  System  for  Category  2  and  Category  3  final 
approach  and  landing  guidance. 

We  believe  GNSS  alone  is  expected  to  serve  all  navigation  needs 
for  many  aviation  system  users,  sooner  rather  than  later.  Differen- 
tially augmented  GNSS,  we  believe,  as  does  FAA,  is  likely  to  sup- 
port operations  to  at  least  Category  1-equivalent  minimum. 

We  support  the  early  completion  of  the  development  of  a  simpler- 
than-currently-specified,  but  a  Category  2-  and  3-capable  MLS,  as 
I  will  mention  in  a  few  moments. 

We  strongly  support  the  work  to  explore  the  possibilities  of 
GNSS,  supporting  Category  2-  and  3,  but  we  think  it  would  be  fool- 
ish at  this  point  to  abandon  that  element  on  MLS  "betting  on  the 
same".  We  won't  know  for  several  years  whether  it  can  be  a  reality 
for  all  aircraft. 

The  airport  operators  believe  that  GNSS-based  airport  surface 
traffic  management  would  significantly  improve  airport  operations, 
and  thus  GNSS  is  the  approach  of  choice  for  airport  surface  oper- 
ations. 

Development  of  terminal  and  on-airport  automation  systems — I 
am  echoing  what  Roger  Fleming  said  a  few  moments  ago — should 

Eroceed  in  a  way  fully  integrated  and  harmonized  with  more-capa- 
le  air  traffic  control  and  flow  management  techniques. 

World  standards  of  broadly  applicable  digital  data  link  commu- 
nications fully  applicable  to  satellite  and  terrestrial  communica- 
tions are  crucial.  It  is  not  hard  to  grasp,  from  these  views  of  the 
Airport  Operators'  Board,  that  the  days  are  gone  when  we  could 
consider  the  air  traffic  control  system  and  the  airport  surface  man- 
agement system  separately.  Those  days  are  gone,  and  good  rid- 
dance, if  we  are  to  gain  the  real  benefits  from  the  synergism  that 
is  the  key  to  aviation's  future. 

I  would  like  to  step  back  for  a  moment  and  add  some  thoughts 
from  the  perspective  of  a  former  member  of  ICAO  FANS  and  offer 
you  a  slightly  different  perspective  than  you  have  heard.  The  back- 
drop is  that  the  United  States  has  been  a  strong  supporter,  a  lead- 
er and  a  major  financial  contributor  to  ICAO  since  it  was  formed 
at  the  instigation  of  President  Franklin  Roosevelt  late  in  World 
War  II. 

It  is  also  appropriate  to  recognize  that  FANS,  was  formed  be- 
cause the  ICAO  Council  itself  reluctantly  agreed  that  it  would  have 
to  move  more  rapidly  than  it  had  moved  in  the  past  if  technology 
was  not  to  pass  it  by.  ICAO  FANS  in  some  respects  was  a  water- 
shed for  ICAO,  because  it  recognized  that  the  mechanism  it  was 
operating  under,  then  with  fewer  states  but  now  with  179,  was 
simply  too  ponderous  to  manage  quickly  to  create  change. 

With  the  strong  leadership  of  Canada,  the  Soviet  Union  (at  that 
time),  France,  Netherlands,  Australia  and  the  United  States,  the 
ICAO  Council  established  FANS  as  a  Special  Committee  to  make 
change,  to  find  ways  to  change  to  utilize  the  new  technology. 

I  think  what  I  am  saying  here  will  be  corroborated  by  Admiral 
Engen,  who  is  with  us  today,  who  was  the  Administrator  of  FAA 
at  the  time,  and  my  boss.  I  know  he  expected  change  to  occur  out 
of  the  FANS  activity. 

There  have  been  several  old  arguments  raised  anew  about  GNSS 
availability  and  management,  its  beginnings  as  a  military  system. 
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£uid  other  allegations  that  are  potentially  destructive  to  the  avia- 
tion revolution  that  GNSS  can  trigger.  The  charges  aren't  new. 
They  were  brought  up  by  one  or  two  States  when  the  United  States 
first  made  its  offer  of  GPS  to  ICAO  FANS  in  1984  and  1985.  The 
arguments  had  little  credence  then  or  now. 

We  have  a  summary  of  those  charges  and  some  comments  on 
them  which  we  will  be  pleased  to  make  available  to  the  subcommit- 
tee. Similar  comments  were  offered  by  RTCA  a  few  weeks  ago. 

One  point  to  clarify  is  the  term  GNSS.  Contrary  to  what  you 
have  heard  this  morning,  the  first  United  States  offer  of  GPS  was 
not  made  by  Admiral  Busey.  It  was  made  at  least  three  years  be- 
fore that  by  the  U.S.  FANS  member.  It  was  done  after  more  than 
a  year  of  consideration  within  the  United  States  and  the  Depart- 
ment of  State,  Department  of  Defense  and  Transportation.  And  it 
was  offered  right  from  the  beginning  as  a  contribution  to  a  world 
system. 

The  term  GNSS,  Global  Navigation  Satellite  System,  was  coined 
I  believe  by  Jan  Smit  from  the  Netherlands,  the  chairman  of  FANS 
at  the  time  from  the  Netherlfinds  at  the  time.  The  U.S.  offered  the 
GPS  availability  to  100  meters  accuracy  at  no  cost  to  the  users.  It 
was  complemented  by  an  offer  of  the  then  U.S.S.R.  of  the 
GLONASS  system  on  similar  terms.  GNSS  was  defined  then  as  a 
combination  of  those  two  satellite  systems  plus  others,  which  both 
of  the  States  making  offerings  welcomed,  in  order  to  overcome 
some  of  the  very  concerns  that  have  been  expressed,  and  to  create 
a  satellite  system  that  was  better  than  either  of  the  systems  alone. 

Those  are  the  facts  of  the  formation  of  GNSS.  It  is  also  why  it 
is  so  important  that  we  consider  GNSS  as  a  unified  system. 

One  small  sidelight:  Some  time  before  the  United  States  made  its 
offering,  there  was  consideration  in  FAA  as  to  whether  FAA  should 
move  forward  with  GPS  or  consider  a  purely  civil  satellite  system. 
A  study  was  done  for  FAA  by  Lincoln  Laboratories.  Then-adminis- 
trator Admiral  Engen  will  remember. 

The  question  was:  how  much  less  expensive  would  a  purely  civil- 
ian system  like  GPS  be?  The  answer  turned  out  to  be  about  85  per- 
cent of  the  cost  of  the  GPS.  The  European  Space  Agency  did  a  simi- 
lar study,  by  a  Canadian  consultant,  with  similar  results. 

The  reason  I  dwell  on  this  is  that,  of  the  perhaps  $12  billion  in- 
vestment in  GPS  in  the  United  States,  (and  equivalent  in  the  So- 
viet Union  I  expect),  we  would  have  to  find  $8-9  billion  to  build 
a  new  one.  I  haven't  seen  many  people  lining  up  to  spend  that  kind 
of  money  in  Europe  or  the  United  States. 

Let  me  return,  now,  to  what  FAA  must  do  next.  I  believe,  and 
my  Association  has  said  so,  that  FAA  is  doing  better  on  this  pro- 
gram than  they  have  done  on  many,  many  others.  As  you  may 
know,  I  am  not  an  unalloyed  booster  for  FAA. 

FAA's  top  management  is  committed  to  moving  rapidly.  Top 
management  has  shown  its  willingness  to  work  with  the  industry 
in  several  ways,  as  has  already  been  discussed. 

I  agree,  of  course,  and  my  Association  agrees,  that  there  will 
need  to  be  continuing  vigilance,  pressure,  and  involvement  from 
the  user  industry  in  all  kinds  of  ways  to  keep  it  moving,  because 
that  is  how  our  system  works. 
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Let  me  close  with  two  points.  There  are  several  areas  where  FAA 
needs  to  concentrate  its  efforts  now.  We  agree  that  the  most  impor- 
tant task  is  for  FAA  to  find  better  ways  to  develop  the  new  proce- 
dures which  the  GNSS  makes  possible,  and  to  do  it  quickly.  There 
is  some  automation  required,  there  is  a  way  required  to  do  proce- 
dure development  in  better  than  the  retail  fashion  in  which  they 
have  normally  been  done. 

There  has  been  much  discussion  of  the  differential  transmission 
medium  which  is  essential  for  GNSS.  An  early  decision  is  essential. 
There  has  been  much  emphasis,  as  you  have  heard,  on  early 
achievement  of  providing  Category  2  and  Category  3  landing  capa- 
bihty  for  GNSS. 

This  is  laudable  and  airports  support  the  work,  but  it  may  not 
be  the  most  important  consideration.  Here  again  I  use  the  term 
GNSS  because  the  prospects  for  Category  2  and  3  go  up  very  sig- 
nificantly if  we  can  count  on  a  half  a  dozen  GLONASS  satellites 
along  with  GNSS. 

While  Category  2  and  3  operations  are  important,  there  are  other 
things,  from  a  system  perspective,  that  are  more  important. 

Automatic  Dependent  Surveillance,  in  which  automatic  trans- 
missions of  navigation  position  are  used  to  create  a  "pseudo-radar", 
and  other  functions  will  be  important  for  general  aviation  as  well 
as  commercial.  The  remarkable  capability  of  GNSS  combined  with 
Automatic  Dependent  Surveillance  needs  to  be  exploited  rapidly  as 
Captain  Haapala  and  Roger  Fleming  have  already  discussed. 

We  need  to  make  a  series  of  decisions  on  digital  communications, 
for  they  are  crucial  to  creating  the  modem  system  we  want.  GNSS 
may  be  the  source  of  the  long-sought-after  "talking  beacon"  which 
can  continuously  make  the  location  identification,  and  altitude  of 
all  aircraft  known  to  all  others  in  the  Air  Traffic  Control  system. 

GNSS  might  become  the  data  source  for  a  collision  avoidance 
system  far  simpler  than  the  current  TCAS,  and  we  believe  this  ex- 
amination is  getting  under  way.  GNSS,  we  think,  may  serve  as  a 
simple  inexpensive  data  source  for  Precision  Runway  Monitors. 

Another  area  where  FAA's  analysis  and  evaluation  is  essential  is 
the  matter  of  interference.  As  has  been  said,  the  very  characteristic 
which  makes  GNSS/GPS  so  attractive,  its  world  coverage  from  the 
surface  up,  also  makes  its  necessarily  weak  signals  vulnerable  to 
interference  and  intentional  or  unintentional  jamming.  We  are  all 
aware  of  this.  It  is  not  a  matter  for  panic  but  for  prudent  action 
and  precautions. 

As  Marty  Pozesky  said  this  morning,  all  radio  systems  including 
ILS  are  subject  to  interference  and  jamming  by  skilled  persons. 
Continuous  vigilance  is  required. 

You  heard  this  morning  about  the  RAIM,  the  receiver  autono- 
mous monitoring.  There  are  also  other  ways  of  providing  integrity 
and  protection  against  unlawful  interference.  It  is  important  not  to 
blow  this  problem  out  of  proportion.  The  existence  and  use  of 
GLONASS  along  with  GPS  as  part  of  the  GNSS,  now  not  15  years 
from  now  as  soon  as  the  GLONASS  satellites  get  up,  as  envisioned 
by  FANS,  offer  a  significant  amount  of  additional  protection 
against  unlawful  interference  by  having  both  system  constellations. 
Well-designed  local  differential  transmissions  will  also  play  a  role. 
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Let  me  close  by  making  my  most  important  point,  underlining 
something  Roger  Fleming  said.  Satellite  navigation,  as  important 
as  it  is,  and  I  believe  it  will  create  a  revolution,  is  not  the  most 
critical  element  of  the  needed  system  modernization.  GNSS  is  not 
an  air  traffic  control  system  and  will  never  be  one;  it  is  only  a  sen- 
sor that  a  good  Air  Traffic  Control  system  can  use. 

Better  navigation  by  itself  is  of  limited  value  if  the  Air  Traffic 
Control  automation  and  digital  communications  are  not  there  to 
improve  the  air  traffic  control  process.  It  is  instructive  to  recall 
that  FAA  developed  and  demonstrated  the  principles  of  Automatic 
Dependent  Surveillance  in  1972.  It  went  nowhere  because  there 
was  no  Air  Traffic  Control  automation  and  no  data  link  to  make 
it  useful. 

While  satellites  are  important  and  they  are  certainly  glamorous, 
the  major  benefits  to  the  users  will  come  from  the  marriage  of  sat- 
ellite navigation  and  communications  with  Air  Traffic  Control  auto- 
mation, with  integrated  flow  management,  with  a  real-time  digital 
communications  system  and  with  exploitation  of  the  airport  capac- 
ity technologies  wnich  the  industry  has  long  pressed. 

Thank  you,  Mr.  Chairman. 

Mr.  Oberstar.  Well,  I  thank  you  very  much. 

Mr.  Poritzky,  and  to  all  of  the  members  of  this  panel,  I  have  been 
making  notes  as  all  of  you  have  been  speaking  and  reviewed  the 
questions.  I  had  also  read  your  testimony  over  prior  to  the  hearing 
and  I  have  got  enough  questions  to  keep  us  going  until  probably 
7  or  8  o'clock  at  night.  We  don't  have  time  and  you  don't  have  time 
and  I  am  not  going  to  perhaps  pick  on  any  one  of  you. 

What  I  am  going  to  do  is  asK  you  to,  whoever  chooses,  come  for- 
ward to  answer  as  succinctly  as  possible,  the  first  I  think  and  most 
important  concern  for  us  as  polic5anakers  on  the  authorizing  com- 
mittee and  for  the  appropriation  process  in  the  Congress  is  to  be 
assured  that  the  FAA  really  is  on  track,  as  Mr.  O'Brien  said,  has 
a  road  map  for  implementation,  as  each  of  you  has  emphasized,  is 
on  track  with  this  system. 

Are  you  really  convinced  that  FAA  is  ahead  of  the  curve  as  they 
have  said,  as  many  others  have  said,  that  they  have  a  master  plan, 
that  that  master  plan  is  solid,  that  they  are  coordinating  with  the 
user  groups  and  integrating  into  their  development  of  this  plan  all 
the  concerns  and  responding  to  those  concerns,  that  in  short,  there 
are  no  apparent  areas  for  slippage? 

All  of  you,  with  the  exception  of  Mr.  Beukers,  would  like  to  see 
this  whole  concept  delayed  until  it  becomes  a  truly  international 
one,  WEUit  to  see  it  move  ahead  as  quickly  as  possible:  Yesterday. 

Identify  for  me,  first,  your  confidence,  points  of  confidence  and 
your  points  of  concern  about  the  process  which  FAA  is  following 
and  how  we  can  together  make  sure  that  they  stay  on  track,  that 
all  of  you  together  stay  on  track.  You  are  all  part  of  this  thing.  You 
all  got  to  help.  1040  short  form  answer,  please. 

Mr.  Brown.  Mr.  Chairman,  let  me  start.  It  is  a  complex  question 
and  I  will  try  to  be  to  be  succinct. 

I  believe  and  one  of  the  things  I  highlighted  in  my  statement — 
I  believe  Mr.  Fleming  and  Mr.  Poritzky  dfid  as  well — are  that  the 
shortfalls  of  FAA  at  the  moment  are  the  procedure  developments 
that  we  can  all  fly  from  our  various  perspectives  and  also  getting 
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the  air  traffic  control  part  of  FAA,  the  largest  part  in  the  past  that 
is  focused  in  the  short  term  to  understand  the  tremendous  benefits 
for  us  as  users  and  the  benefits  for  FAA  in  terms  of  system  capac- 
ity and  safety.  That  is  where  the  shortfall  is  on  the  procedure  side 
and  the  air  traffic  control  side. 

The  rest  of  FAA  is  doing  very  well  and  the  leadership  there  is 
focusing  on  the  future  in  implementing  this  system,  but  in  those 
two  areas  they  are  clearly  lagging  behind  from  my  perspective. 

Mr.  Oberstar.  Mr.  Haapala. 

Mr.  Haapala.  Yes,  Mr.  Chairman.  I  might  just  say  specifically 
that  such  things  as  an  oceanic  work  station  that  will  support  auto- 
matic dependent  surveillance  in  those  regions  in  my  view  is  on  the 
critical  path  and  too  far  out  on  the  critical  path  for  us  to  get  the 
quick  benefits  that  we  need.  It  is  the  ground  infrastructure,  specifi- 
cally in  the  air  traffic  control  centers,  that  needs  automation  faster. 

Mr.  Oberstar.  It  is  clear  that  oceanic  navigation  opportunity 
that  is  so  attractive,  had  we  had  a  GPS  system  operating  and  func- 
tional at  the  time  of  KAL  007  it  might  not  have  occurred.  The  pilot 
might  have  been  able  to  query  the  GPS,  find  where  he  was  and 
find  he  was  way  off  track,  and  to  believe  the  GPS  rather  than  the 
onboard  computer  system  into  which  he  had  incorrectly  entered  the 
coordinates. 

Mr.  Haapala.  But  the  important  thing  is,  Mr.  Chairman,  that  if 
the  ground  controller  did  not  know  where  that  airplane  is  going 
and  there  still  is  a  possibility  of  a  procedural  error  taking  place 
where  the  crew  is  unaware  of  diversion  from  their  proper  course, 
the  ground  controller  must  be  able  to  see  using  ADS  that  that  air- 
plane is  deviating. 

All  the  accuracy  in  the  world  doesn't  do  any  good  until  that 
ground  controller  sees  that  inaccuracy  and  actually  can  do  some- 
thing about  it. 

Mr.  Oberstar.  I  won't  pursue  this  matter  further  but  there  is  a 
matter  of  some  minutes  of  ACT  tape  from  the  Aleutian  Islands 
chain  that  leaves  that  all  open  to  question. 

Mr.  Poritzky,  your  concluding  statement  is  somewhat  troubling 
and  that  the  major  benefit  to  users  will  come  only  when  you  have 
ATC  automation,  integrative  flow  management,  real-time  digital 
communications  joined  with  GPS.  Is  that  on  track? 

Mr.  Poritzky.  No.  You  had  the  hearing  recently  on  the  advanced 
automation  system. 

Mr.  Oberstar.  Yes. 

Mr.  Poritzky.  There  were  two  messages  there.  One  was  that  the 
Advanced  Automation  System,  in  its  broadest  sense,  is  intended  to 
pull  a  lot  of  these  things  together.  But  only  the  fundamentals  were 
being  worked  on.  If  you  recall  the  testimony  of  the  industry  pre- 
sented by  Jack  Alcott  and  the  message  from  Joe  Del  Balzo,  who  is 
the  Acting  FAA  Administrator,  he  said  that  something  slipped  "be- 
tween the  cracks"  in  the  development  of  AAS,  that  the  major  bene- 
fits to  the  users  which  comes  from  the  Automated  Enroute  ATC 
function  (AERA),  terminal  automation,  and  automation  of  the  flow 
process  had  been  pushed  aside.  I  believe  he  attributed  it  to  inatten- 
tion at  the  very  top  at  FAA. 

I  believe  that  in  answer  to  your  earlier  question,  you  can't  get 
a  much  better  team  than  Pozesky  and  Broderick  and  the  SOIT  to 
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make  GNSS  happen.  I  think  it  involves  continuous  pressure  from 
Mr.  Haapala,  from  Mr.  Fleming,  from  all  of  us  to  keep  it  going,  but 
it  also  requires  an  FAA  Administrator  who  will  pay  attention,  who 
will  keep  pushing  it  regularly.  It  won't  happen  by  itself;  the  atten- 
tion of  the  administrator  is  crucial. 

Now,  to  the  other  elements  of  this,  flow  management  and  auto- 
mated air  traffic  control,  the  AERA  system  we  have  heard  about 
for  so  many  years  will  not  work  separately.  They  have  to  work  syn- 
ergistically.  They  have  to  be  pulled  together. 

One  of  the  major  issues  that  FAA  has  identified,  and  all  the  rest 
of  us  have  as  well,  is  that  these  efforts  must  come  together.  The 
standardization,  and  the  deployment  of  digital  communication  are 
crucial  to  what  every  airline  wants  and  what  most  every  user 
wants.  We  need  to  help  create  a  system  of  aircraft  flying  the  tracks 
they  want  when  thev  want  to  go,  barring  other  airplanes  in  the 
way.  It  requires  a  snaring  of  responsibility  between  the  airplane 
systems  and  the  ground.  The  connection  is  good  navigation  and 
digital  communications  so  that  these  things  come  together. 

In  Africa,  in  South  America,  many  parts  of  the  world,  GNSS  will 
do  wonders  all  by  itself.  It  will  create  its  own  revolution.  In  a  dense 
traffic  environment  we  need  all  these  things  working  together. 

Mr.  Oberstar.  Fair  enough.  Mr.  Clinger. 

Mr.  Clinger.  Thank  you,  Mr.  Chairman.  I  apologize  for  not  hav- 
ing been  here  to  listen  to  the  entire  panel.  I  am  interested  in  the 
comments  that  I  have  heard  since  I  did  arrive. 

This  morning  I  was  questioning  Mr.  Broderick  and  Mr.  Pozesky 
about  the  concern  that  some  have  expressed  about  the  gap  that 
may  exist  between  the  deployment  of  the  satellites  which  will  be 
in  place  and  the  system  being  in  place  and  the  fact  that  the  proce- 
dures will  not  be  in  place.  Mr.  Pozesky  seemed  to  be  reassuring  in 
that  regard  that  that  was  on  line,  on  track,  that  we  were  going  to 
be  in  synch,  that  the  system  would  be  able  to  be  operational  be- 
cause the  procedures  will  be  in  place. 

You  seem  to  be  not  so  sure  of  that.  Is  that  a  correct  observation? 

Mr.  PORITZKY.  It  requires  continuous  pressure.  There  is  a  re- 
quirement for  modernization  in  the  way  procedures  are  developed. 
FAA  realizes  that  the  way  in  which  procedures  are  developed  needs 
to  be  done  better  than  in  a  retail  fasnion. 

There  are  thousands  of  these  procedures  and  we  have  to  find 
ways  to  do  them  in  groups.  There  is  a  good  sign,  I  think,  as  Tony 
Broderick  said  this  morning,  in  that  there  was  a  broad-scale  ap- 
proval of  GNSS/GPS  for  supplemental  use  in  recent  months,  but  I 
would  prefer  to  have  Roger  Fleming  talk  to  this  point  and  perhaps 
Steve  because  they  are  more  directly  involved  in  the  procedures. 

Mr.  Fleming.  Thank  you. 

If  I  might  continue  upon  Mr.  Poritzkys  offer,  we  have  all  talked 
about  the  problems  we  feel  may  arise  with  respect  to  lack  of  ade- 
quate and  timely  ATC  procedures.  The  new  technology  applications 
alone  will  not  do  a  great  deal  of  good  for  the  user  community. 

If,  for  example,  the  general  aviation  pilot  is  not  able  to  make  an 
instrument  approach  to  a  runway  that  hasn't  previously  had  that 
ability  because  the  FAA  procedures  development  organization  has 
not  gotten  around  to  developing  that  procedure.  Right  now  I  believe 
the  FAA  routinely  develops  about  300  such  procedures  a  year,  if 
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memory  serves  me,  and  yet  there  are  thousands  of  runways  in  the 
United  States  for  which  there  is  going  to  be  very  quickly  a  demand 
for  instrument  approach  procedures  from  the  general  aviation  com- 
munity. 

And  FAA  does  not  have  the  capability  to  develop  those  proce- 
dures quickly  for  the  airline  user.  It  does  no  good  for  Mr.  Haapala 
to  be  able  to  navigate  his  Northwest  747  across  the  ocean  if  there 
are  no  FAA  procedures  in  effect  to  enable  him  to  take  advantage 
of  reduced  separations.  Right  now  if  he  is  able  to  data  link  his  iner- 
tial  navigation  or  GNSS/GPS  position  to  the  Oakland  Oceanic  Cen- 
ter using  satellite  communication,  there  is  a  human  being  radio  op- 
erator who  sits  in  the  midst  of  that  linkage  and  still  does  it  the 
old-fashioned  way  as  there  is  no  data  communications  link  between 
the  ground  earth  station  and  the  air  traffic  controller.  There  is  no 
oceanic  work  station  that  Captain  Haapala  referred  to  for  the  air 
traffic  controller  to  use  to  assist  in  automation  of  his  functions. 

In  the  domestic  airspace  in  the  United  States,  it  won't  do  the  air- 
line operator  a  great  deal  of  good  to  have  GPS  precision  approach 
capability  if  the  criteria  that  govern  the  development  of  those  pro- 
cedures don't  take  into  account  the  accuracy  capabilities  of  that 
system  to  reduce  the  obstacle  clearance  zones  and  those  zones  are 
applicable  to  all  classes  of  procedures.  So  these  are  the  kinds  of 
things  that  have  clearly  got  the  operators'  representatives  here 
worried. 

I  would  like  to  add  a  few  other  thoughts  in  response  to  Chairman 
Oberstar's  earlier  question  about  the  short  form  1040  response.  I 
certainly  agreed  with  the  comments  that  my  colleagues  Sieg 
Poritzky  and  Steve  Brown  made  with  respect  to  emphasis  on  air 
traffic  control  procedures  and  criteria,  and  that  is  obvious  from  my 
continued  response  to  Mr.  dinger's  question. 

I  would  like  to  add  some  additional  thoughts.  There  is  no  master 
plan  at  the  FAA,  as  Mr.  Poritzky  said.  There  are  elements  of  such 
plans  available,  but  at  the  present  time  there  is  no  master  plan  to 
which  the  users  have  agreed.  In  fact,  to  be  honest  with  you,  there 
couldn't  be  yet  because,  as  Mr.  Pozesky  noted,  he  is  awaiting  rec- 
ommendations from  RTCA,  for  example,  on  the  data  link  mode  for 
communication  of  the  differential  message  to  the  airplane.  There 
are  some  other  very  difficult  and  knotty  technical  issues  that  re- 
main unresolved. 

One  of  the  big  risks  for  the  users  in  early  implementation  of 
modifications  to  their  aircraft  equipment  package  is  if  they  imple- 
ment some  capability  that  FAA  later  decides  is  inadequate  for  some 
reason  or  another,  they  will  have  to  go  back  and  redo  the  retrofit. 
That  is  incredibly  expensive  and  frustrating  and  everybody  worries 
about  getting  booby-trapped  in  that  fashion.  You  bet  on  the  out- 
come. 

That  is  what  Mr.  Ferguson  is  going  to  do  with  respect  to  the 
Continental  operation.  He  is  going  to  do  it  first  with  a  small  num- 
ber of  airplanes  so  at  least  if  they  don't  get  it  all  right  and  don't 
satisfy  all  the  FAA  certification  requirements  the  first  time  around, 
at  least  he  won't  have  very  many  airplanes  that  he  will  have  to  go 
back  and  redo. 

We  have  to  got  to  reach  an  agreement  between  the  certificating 
agency,  the  FAA,  the  air  traffic  control  provider,  the  FAA,  and  the 
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users  represented  at  this  table,  and  the  pilots,  as  to  exactly  what 
is  going  to  be  required  so  we  can  all  go  do  the  same  thing  and  do 
the  right  thing,  and  we  aren't  at  that  point  yet. 

So  you  can't  be  unduly  critical  of  the  FAA,  but,  Mr.  Chairman, 
I  think  it  would  be  in  the  interests  of  all  concerned  if  you  were  to 
insist  periodically  that  you  be  assured  and  all  of  us  be  assured  that 
we  are  in  fact  working  those  problems,  we  are  reaching  agreements 
and  then  we  are  going  to — so  that  we  can  get  them  executed  in  a 
timely  way. 

Mr.  Clinger.  Just  one  other  question.  We  talked  sort  of  around 
the  subject  of  potential  danger  of  jamming  given  the  terrorist  world 
we  live  in  and  DOD's  involvement.  Is  that  a  real  threat  in  your 
view,  and  if  so,  how  palpable  is  the  threat  and  what  can  we  do 
about  it?  Is  there  any  effort  being  made  on  the  part  of  the  FAA  or 
anybody  to  really  assess  that? 

Mr.  Fleming,  Mr.  Clinger,  I  am  not  a  technical  expert  in  these 
systems  but  I  am  aware  of  problems  as  are  all  of  us.  I  don't  view 
that  as  a  significant  issue.  I  view  it  as  one  that  has  to  be  dealt 
with. 

In  the  framework  of  the  way  FAA  certificates  airborne  systems 
and  specifically  instrument  approach  systems  that  are  used  under 
very  low  weather  conditions,  all  potential  sources  of  irregularity  or 
hazard  have  to  be  investigated  in  connection  with  certification  of 
those  systems.  When  airlines  initially  implement  this  capability, 
for  the  most  part  it  will  be  done  in  airplanes  that  have  inertia! 
navigation  capability.  That  is  not  true  of  the  Continental  commuter 
airplanes  but  it  is  true,  of  course,  with  the  Northwest  747,  the 
United  767  already  equipped,  the  American  757  which  is  being 
equipped  as  we  meet  here. 

The  airplane  does  not  lose  its  navigation  capability  if  that  system 
is  jammed.  Two  of  the  first  things  that  would  happen  on  an  instru- 
ment approach:  first  the  pilot  would  receive  a  warning  that  he  has 
an  anomaly  because  he  no  longer  satisfies  the  receiver  autonomous 
integrity  monitoring  requirement  that  Mr.  Poritzky  referred  to,  and 
furthermore,  he  is  going  to  get  a  warning  that  he  probably  no 
longer  has  an  adequate  differential  GPS  signal  or  GNSS  signal 
from  the  groimd.  He  is  no  longer  able  to  complete  the  instrument 
approach  under  that  circumstance. 

If  it  happens  en  route,  I  don't  see  it  as  being  a  problem  for  essen- 
tially the  same  reasons.  A  general  aviation  user  who  has  a  simpler 
installation  in  his  airplane  may  have  a  different  sort  of  a  problem, 
but  they  don't  have  to  operate  generally  to  the  same  low  weather 
conditions  that  airline  operators  routinely  operate. 

Perhaps  Mr.  Brown  would  be  interested  in  adding  a  few  com- 
ments. 

Mr.  Oberstar.  Before  we  do  that  and  I  am  sure  Mr.  Beukers  is 
going  to  add  something  to  that,  but  I  would  like  to  withhold  those 
comments.  Mr.  Laughlin  has  a  time  constraint  and  I  would  like  to 
give  him  the  opportunity  at  this  point  and  then  we  can,  after  his 
question,  come  back  to  that  matter,  because  it  is  important  and 
needs  to  be  further  explored. 

Mr.  Laughlin.  Thank  you,  Mr.  Chairman.  I  wasn't  expecting 
that.  I  apologize  for  missing  all  of  today's  testimony.  I  had  to  be 
on  another  committee  that  was  particularly  personal  to  my  district 
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80  I  could  not  be  here.  And  I  am  a  little  reluctant  to  ask  any  ques- 
tions because  of  missing  so  much  of  your  testimony,  but  as  I  under- 
stand what  you  are  talking  about  here  today,  it  is  somewhat  simi- 
lar to  what  the  helicopter  pilots  were  using  out  in  Desert  Storm  to 
get  around  the  desert;  is  that  correct? 

Mr.  PORITZKY.  Yes. 

Mr.  Laughlin.  I  spent  some  time  out  there  in  active  duty  with 
them  and  they  strapped  on  what  looked  like  a  big — ^not  big  boy, 
what  is  that  game?  My  son  has  one  of  them. 

Mr.  PORITZKY.  Game  Boy. 

Mr.  Laughlin.  Game  Boy.  It  looked  almost  the  size  of  a  Game 
Boy  with  a  strap  that  they  put  on  their  thigh.  Is  this  what  the  heli- 
copters pilots  were  using  or  is  that  a  first  generation  of  what  you 
all  are  talking  about,  a  very  simplified  mechanism  that  told  them 
where  they  were  and  what  altitude? 

Mr.  Brown.  Mr.  Laughlin  that  is  correct.  The  FAA  representa- 
tives have  a  number  on  display  there.  They  are  quite  small. 

Mr.  Laughlin.  And  yes,  that  looks  real  familiar. 

My  question  is,  as  we  develop  a  system  for  our  commercial  and 
I  guess  general  aviation,  is  there  any  thought  to  anyone  sharing 
the  expense  of  the  operation  of  this  system  other  than  the  Federal 
Government? 

Mr.  Brown.  Mr.  Laughlin,  I  think  we  all  feel  like  we  share  in 
the  expense  as  we  pay  our  taxes  and  fees  into  the  trust  fund  or 
various  other  mechanisms  to  the  Government.  I  think  you  know 
that  FAA's  programs  were  largely  user  funded,  and  in  addition  to 
that,  all  of  the  demonstration  programs  that  we  have  talked  about, 
some  of  which  you  might  not  have  heard  about,  whether  it  is  ones 
that  we  are  doing  with  our  organization  or  individual  airlines  are 
undertaking,  are  all  contributed  funds  from  the  private  sector  that 
we  are  offering  in  demonstrating  and  improving  some  of  the  tech- 
nologies so  we  make  investments  in  that  sense  as  well. 

Mr.  Laughlin.  I  am  glad  you  answered  that  because  my  next 
questions  were  going  to  be  directed  specifically  to  you,  Mr.  Brown, 
because  you  testified  about  competitiveness.  And  as  I  appreciate 
this,  the  first  group  individuals  or  companies  that  we  should  be  in- 
terested in  are  American  companies  should  have  taxpayers  a  part 
this  system  that  we  are  relying  upon  to  develop  whatever  GPS  sys- 
tem comes  out. 

How  do  we  allow  the  foreign-owned  airlines  to  participate?  Do  we 
charge  them  a  fee  or  just  give  them  a  free  ride  where  they  can  com- 
pete against  the  Continentals,  the  Northwests,  the  Americans,  the 
Uniteds,  and  general  aviation  companies? 

Mr.  Brown.  I  can't  really  comment  on  foreign  ownership  of  air- 
lines. It  is  not  an  area  of  insight  or  expertise  that  I  have  in  work- 
ing with  the  general  aviation  community.  But  on  your  broader 
question  of  the  issue  of  foreign  use  of  the  GPS  system,  I  think  in 
a  sense  you  have  to  look  at  it  as  a  broader  policy  goal  of  the  United 
States  in  advancing  technology  that  we  have  and  in  stimulating 
the  domestic  manufacture  of  specific  pieces  of  equipment  that  will 
exploit  that  technology. 

Maybe  as  you  know  most  of  the  foreign  manufacturers  of  air- 
frames around  the  world  install  U.S.  components  whether  they  are 
engines  or  avionics  or  other  equipment.  The  larger  we  make  that 
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market  and  the  more  robust  our  manufacturers,  the  better  off  we 
will  be. 

Mr.  Laughlin.  As  I  understand  the  testimony  here,  the  systems 
you  are  discussing  with  our  committee  will  have  many  facets  in  ad- 
dition to  just  telling  them  where  they  are  on  earth  and  what  alti- 
tude. I  think  one  of  you  mentioned  the  TCAS.  It  will  eliminate  the 
system  of  that  because  it  will  incorporate  the  same  type  of  anti-col- 
lision information  for  the  flight  crew. 

Mr.  PORITZKY.  If  I  could  comment  on  that  last  point  first.  Colli- 
sion avoidance  systems  are  comprised  of  two  elements,  the  source 
of  information,  and  the  logic  it  uses  to  decide  whether  there  is  in 
fact  going  to  be  a  collision. 

That  second  part  is  always  required  but  for  the  first  part  the 
GNSS  source  may  be  a  better  and  less  expensive  source  of  that 
sensing  information  of  where  is  the  airplane,  than  the  current 
TCAS  uses.  It's  worth  examining. 

When  the  offer  was  made  initially  by  President  Reagan  in  1983, 
it  was  a  humanitarian  offer  to  the  world  to  make  the  system  avail- 
able at  no  cost.  As  Mr.  Beukers  noted,  Admiral  Busejr's  offering 
elaborated  on  the  initial  Presidential  offering  and  the  offering  the 
ICAO  FANS  member  made  a  couple  of  years  later,  with  a  state- 
ment that  the  United  States  would  make  the  system  available  at 
no  cost  (no  additional  cost  because,  as  Steve  Brown  said,  we  are  all 
paying  for  it)— for  a  period  of  10  years,  plus  a  number  of  years  of 
notice.  Later  the  time  was  made  indefinitely  with  a  six-year  notice 
of  any  change. 

The  more  important  point  is  that  in  ICAO  FANS  we  were  hoping 
that  what  was  then  the  Soviet  Union,  now  the  Commonwealth  of 
Independent  States,  would  become  a  reality.  When  you  figure  $50 
million  to  $100  million  or  so  per  satellite  launch,  if  there  are  6,  8, 
12  GLONASS  satellites,  it  would  of  course  reduce  the  total  cost  to 
the  world  of  this  system. 

As  Marty  Pozesky  mentioned  this  morning,  the  United  States 
has  welcomed,  and  I  know  we  did  in  the  FANS  time,  others  to  pro- 
vide satellites  within  that  structure  to  broaden  its  universality.  It 
would  also  spread  the  cost  base. 

Mr.  Laughlin.  The  last  question  I  have  is,  having  seen  firsthand 
the  first  generation  of  the  model  in  the  helicopters  and  the  abilities 
it  gave  our  helicopter  pilots,  when  can  we  expect  the  generation  of 
the  GPS  equipment  that  you  are  talking  about  in  this  panel  today 
to  be  on  the  market,  to  be  available  for  use?  Because  it  seems  to 
me  that  engineers  can  design  and  test  and  design  and  test  and 
come  up  with  all  kind  of  gadgets  on  the  best  system  and  keep  im- 
proving it,  and  it  never  gets  out  there  to  the  consumer  and  never 
is  available  for  the  public. 

What  is  some  estimate  of  within  some  degree  of  reasonability  or 
probability  that  we  will  see  a  system  out  here? 

Mr.  Brown.  Well,  depending  only  how  you  define  the  system, 
let's  talk  for  a  moment  just  about  the  juicier  side  of  the  system  and 
equipment  that  we  as  pilots  or  airlines  could  buy.  That  first  gen- 
eration of  equipment  is  out  there.  Some  of  the  units  that  you  can 
see  here  that  FAA  brought  at  very  economical  rates  and  in  the 
range  of  $750  to  $800  for  hand-held  units  a  bit  more,  but  not  much 
for  units  you  can  install  in  an  aircraft  and  look  into  the  electrical 
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system  directly.  As  you  will  know,  those  will  be  enhanced  and 
evolve  and  become  more  capable,  and  we  believe  that  the  more  ca- 
pable units  will  clearly  will  be  available  for  regular  air  traffic  and 
air  system  use  by  1995  to  1996.  That  is  why  we  are  so  anxious  to 
have  FAA  participate  and  be  ready  to  accept  this  all  in  that  time 
frame. 

Mr.  Laughlin.  Thank  you  very  much. 

Thank  you,  Mr.  Chairman. 

And  I  would  just  add  a  word  of  encouragement  to  the  panel  be- 
cause these  are  exciting  developments  and  I  think  it  will  not  only 
help  the  pilots  figure  out  where  they  are  but  also  enhance  safety 
in  the  air. 

Mr.  Oberstar.  I  appreciate  the  gentleman's  participation  in  our 
hearing  and  reviewing  the  technology  the  gentleman  is  ultimately 
a  strong  supporter  of  aviation  and  in  his  tenure  on  the  committee 
has  become  one  of  our  knowledgeable  Members,  and  I  appreciate 
that. 

Mr.  Laughlin.  Thank  you,  Mr.  Chairman. 

Mr.  Oberstar.  Can  GPS  GLONASS  and  INMARSTAT  work  to- 
gether? Is  there  software  available  now? 

Mr.  Beukers,  you  are  the  skeptic  on  this  issue,  and  I  want  you 
to  answer  that  and  the  question  Mr.  dinger  raised  about  security. 

Mr.  Beukers.  Mr.  Chairman,  may  I  just  refer  to  a  comment  you 
made  previously.  I  just  want  to  clarify  that  I  am  certainly  not  op- 
posed to  GPS  being  used.  I  am  a  very  strong  proponent  of  it  being 
used. 

Mr.  Oberstar.  I  called  you  a  skeptic. 

Mr.  Beukers.  I  am  really  anxious  to  see  a  parallel  program 
where  we  address  the  international  system  that  will  materialize  10 
to  15  years  from  now. 

On  the  subject  of  jamming,  I  think  what  we  have  to  address  is 
the  fact  that  the  signal  that  is  received  from  satellites  at  the  end 
of  the  runway  as  we  come  down  to  land  is  extremely  weak.  It  is 
a  very  weak  signal  as  opposed  to  an  instrument  landing  system 
and  it  is  this  difference  in  the  signal  levels  which  makes  GPS  a 
vulnerable  system. 

In  addition,  the  frequency  that  we  are  receiving  is  a  single  one. 
The  GLONASS  system  has  a  different  frequency  for  each  satellite 
£uid  is  a  much  more  difficult  system  to  jam. 

My  suggestion  is  that  we  don't  dismiss  this  vulnerability  but  we 
properly  research  it  and  make  sure  for  our  safety  people  that  in 
fact  we  have  done  all  we  can  to  satisfy  the  safety  part  of  the  land- 
ing process. 

On  the  subject  of  GLONASS,  INMARSTAT  and  GPS,  there  are 
receivers  out  there  today  that  will  receive  GLONASS  signals,  and 
the  GPS  signals  and  process  those  using  all  of  the  satellites  that 
are  available  and  if  I  may  just  extend  my  comment  to  the 
GLONASS  system  itself,  GLONASS  is  a  much  cheaper  system  than 
GPS. 

One  of  the  reasons,  significant  reasons  is  that  the  launch  capabil- 
ity and  the  weight  of  the  GLONASS  satellites  allow  three  satellites 
to  be  launched  at  the  same  time.  The  potential  for  it  being  a  much 
less  expensive  system  is  there. 
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One  of  the  problems  right  now  with  GLONASS  which  is  being 
addressed  is  the  componentry  on  board  is  not  satisfactory  for  long- 
term  use.  In  fact,  they  have  a  very  short  life  of  two  to  three  years 
mainly  because  of  orbit  that  they  are  in  and  the  fact  that  the 
spacecraft  becomes  charged  and  the  components  fail. 

There  is  a  movement  in  Europe  to  have  that  situation  corrected, 
from  Germany  to  finance  some  of  the  reengineering.  But  yes,  sir, 
GLONASS  and  GPS  can  be  used  together;  and  as  far  as 
INMARSAT  is  concerned,  it  has  the  charter  to  be  the  operational 
entity  to  operate  a  GNSS  system  of  the  future. 

Mr.  PORITZKY.  To  add  one  word  to  this. 

Mr.  Oberstar.  Mr.  Poritzky. 

Mr.  Poritzky.  On  the  jamming  and  interference  issue.  RTCA, 
Task  Force  Two,  that  Dave  Watrous  referred  to,  has  a  working 
group,  on  institutional  and  transition  issues.  Just  about  two  weeks 
ago,  a  meeting  of  that  group  got  into  the  question  of  vulnerability. 
The  statement  that  I  put  into  our  ACI-NA  testimony  reflects  the 
views  of  that  group:  yes,  it  is  a  concern;  it  had  better  be  a  concern. 

There  are  actions  that  need  to  be  taken.  One  concern  is  inadvert- 
ent interference,  which  in  the  minds  of  some  is  the  more  serious 
problem,  that  is,  interference  inadvertently  provided  by  strong  sig- 
nals on  the  ground.  We  urge  FAA,  FCC,  Defense  Department, 
NTIA  to  work  together  to  assure  that  those  protections,  this  is  the 
inadvertent  jamming  and  interference,  be  provided. 

At  I  said  in  my  testimony,  I  think  we  agree  broadly  that  RAIM 
is  essential  because  it  provides  the  fundamental  warning.  If  there 
is  something  wrong  with  the  received  signal,  the  "flag"  pops  up 
that  says  "Do  not  use  this  information."  That  is  the  best  protection 
there  is,  and  I  expect  everyone  on  this  panel  believes  it  is  the  most 
essential  protection.  But  there  is  significant  merit,  as  our  working 
group  found,  in  having  the  satellites  of  both  GPS  and  GLONASS 
systems  up  in  the  sky. 

Mr.  Oberstar.  One  question  just  for  clarification  more  than  any- 
thing else,  Mr.  Watrous.  Page  6  of  your  testimony,  you  refer  to  the 
technology  working  group,  the  institutional  group  and  of  the  task 
force,  are  the  former  two  subdivisions  of  the  task  force?  What  is 
this  structure  here?  I  am  not  quite  clear. 

Mr,  Watrous.  Mr.  Chairman,  I  have  got  to  catch  up  with  you 
here.  You  say  page  6. 

Mr.  Oberstar.  Page  6  of  your  testimony:  RTCA's  task  force  ex- 
pects to  have  a  recommendation  with  the  data  links  associates  re- 
quested the  differential  GPS  technology  within  a  few  weeks,  and 
tnen  you  go  on  to  use  the  technology  working  group  and  the  insti- 
tutional group.  Are  those  subdivisions  of  the  task  force  or  separate 
entities? 

Mr.  Watrous,  Yes,  sir.  Let  me  see  if  I  can't  clarify  that. 

The  task  force  has  basically  three  working  groups.  One  working 
group  is  dealing  with  user  needs  or  requirements,  A  second  work- 
ing group  is  dealing  with  institutional  and  transition  issues.  And 
the  third  working  group  is  dealing  with  technology  issues. 

We  have  asked  technology  group  to  come  forward  to  the  full  task 
force  with  the  recommendation  as  it  applies  to  the  differential  GPS 
transmission  medium,  and  that  is  what  we  expect  to  occur  probably 
in  the  next  two  to  three  weeks.  Obviously  that  is  a  small  subset 
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of  the  total  consensus  process  and  the  other  groups,  the  operators 
and  the  people  that  are  worried  about  institutional  issues  will  like- 
wise become  a  part  of  that  process  before  the  entire  task  force 
reach  as  consensus  on  the  recommendation. 

Mr.  Oberstar.  Thank  you,  I  understand. 

I  am  going  to  conclude  at  this  point  with  this  panel.  But  I  am 
going  to  express  a  thought  I  would  like  you  not  necessarily  to  re- 
spond to  here.  I  think  the  benefits  are  clearly  identified,  both  cur- 
rent and  potential,  of  GPS.  I  think  the  time  frame  for  action  clearly 
is  understood  by  everybody:  Last  year. 

I  think  that  some  potential  problem  areas  have  been  identified 
in  the  course  of  today's  testimony — slippages,  potential  obstacles, 
potential  institutional  problem  areas,  the  international  framework 
within  which  this  must  take  place. 

It  seems  to  me — and  I  am  going  to  make  this  recommendation 
to  the  Secretary  of  Transportation — we  are  at  a  point  on  GPS  the 
department  ought  to  hold  conferences  as  we  did  on  aging  aircraft 
where  all  of  the  players  come  together  in  a  conference  and  frankly 
and  straightforwardly  and  in  a  spirit  of  cooperation  delineate  each 
one  of  these  areas  that  needs  action  fully,  agree  on  a  master  plan 
for  action  and  then  get  to  work  on  implementing  it  with  bench 
marks  for  measurement  of  progress. 

It  worked  well  on  aging  aircraft.  It  has  worked  well  on  other 
problem  areas  in  this  highly  complex  technological  field,  it  seems 
to  me,  and  I  would  like  you  to  just  think  it  over.  Don't  answer  now. 
I  think  it  is  a  bad  idea  to  tell  me — if  you  think  it  is  a  bad  idea, 
tell  me  why.  But  I  think  that  this  is  one  of  those  milestone  oppor- 
tunities, one  of  those  turning  point  issues  in  development  that  mer- 
its the  very  highest  level  of  participation  coordination  and  inter- 
action by  all  those  participating. 

I  don't  want  to  come  back  a  year  or  two  from  now,  two  years 
from  now  on  hearings  on  authorization  of  aviation  programs  and 
find  that  a  whole  sector  has  slipped,  that  something  we  talked 
about  today  wasn't  done  in  the  intervening  two  years.  I  don't  want 
to  hear  from  administrators,  airline  managers,  pilots,  air  traffic 
controllers  two  years  from  now.  If  we  had  only  done  X,  we  would 
be  this  far  ahead. 

Now  is  the  time  to  deal  with  those  problems  it  seems  to  me.  Now 
is  the  time  to  deal  with  those  opportunities  and  build  on  them.  And 
get  on  with  it. 

So  think  it  over  and  give  me  your  thoughts  later.  And  thank  you 
very  much  for  having  given  so  much  thought  already  to  so  impor- 
tant and  complex  a  technology. 

Mr.  Oberstar.  Out  next  panel  is  Mr.  Howard  Johannssen,  Pro- 
fessional Airways  Systems;  and  Mr.  Will  Faville,  Director  of  Safety 
and  Technology  for  NATCA,  National  Air  Traffic  Controllers  Asso- 
ciation. 

TESTIMONY  OF  HOWARD  JOHANNSSEN,  PRESmENT,  PROFES- 
SIONAL AIRWAYS  SYSTEMS  SPECIALISTS,  AND  WILL 
FAVILLE,  DIRECTOR  OF  SAFETY  AND  TECHNOLOGY,  NA- 
TIONAL  AIR  TRAFFIC  CONTROLLERS  ASSOCIATION 

Mr.  Oberstar,  Mr,  Johannssen,  please  proceed. 
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Mr.  JOHANNSSEN.  I  am  Howard  E.  Johannssen,  and  I  am  na- 
tional President  and  Chairman  of  the  Professional  Airways  Sys- 
tems Specialists,  PASS,  District  6,  MEBA  AFL-CIO.  Thank  you  for 
allowing  me  the  opportunity  to  testify  before  you  today  concerning 
current  and  future  uses  of  satellite  technology  in  the  aviation  in- 
dustry. 

Since  1977,  PASS  has  proudly  served  as  the  exclusive  represent- 
ative for  more  than  10,000  Technical  and  Aviation  Systems  Special- 
ists employed  by  the  Federal  Aviation  Administration.  Presently, 
our  bargaining  unit  consists  of  Flight  Standards  Aviation  Safety 
Inspectors,  Office  of  Aviation  Systems  Standards  Flight  Check  Pi- 
lots and  Crew,  and  Airway  Facilities  Systems  Specialists  who,  on 
a  daily  basis,  install  and  maintain,  repair,  inspect  and  certify  all 
the  equipment  used  in  the  National  Airspace  System. 

Today,  many  private  and  public  groups  have  emerged  within  the 
aviation  industry  which  are  attempting  to  expedite  replacement  of 
current  NAS  navigation  systems  with  either  a  Global  Navigation 
SatelHte  System,  GNSS,  or  a  Global  Positioning  System,  GPS.  In 
fact,  in  their  attempts  to  obtain  support  for  a  rapid  GNSS/GPS  im- 
plementation plan,  they  advertise  that  the  Department  of  Defense 
satellites  are  nearing  operational  service  and  are  offered  free  to  the 
world  and  that  the  DOD  satellites  improve  safety,  effective  traffic 
separation  and  precise  instrument  flight. 

Undoubtedly,  these  groups  are  motivated  foremost  by  a  profit  in- 
centive. Yet,  after  analyzing  their  actions  and  their  intentions, 
PASS  believes  that  their  goals  are  honorable  and  well-directed. 
Nevertheless,  we  also  firmly  argue  that  safe  implementation  of  the 
GPS  system  cannot  be  accomplished  without  full  agreement  by 
both  government  and  industry  on  systems  standards,  procedures 
and  frequency  allocations. 

To  this  date,  we  have  not  been  included  in  this  plan.  Therefore, 
we  seek  to  be  included  in  the  GPS  planning  and  implementation 
process.  Unfortunately,  today,  I  didn't  hear  much  about  frequency 
allocation.  And,  if  you  were  on  a  GPS  approach  to  O'Hare,  and  are 
a  rock  and  roll  fan  and  listen  to  DC-101  in  Chicago,  you  couldn't 
use  GPS  because  of  the  frequency  problems.  And  that  is  just  the 
very  simple,  basic  concept  that  needs  to  be  addressed. 

Currently,  the  FAA,  in  conjunction  with  aviation  groups,  is  spon- 
soring a  proof-of-concept  approach  for  dealing  with  experimental 
GPS  systems.  Once  this  approach  is  tested  and  verified,  we  believe 
that  many  short  and  long-term  benefits  can  be  achieved. 

Under  investigation  now  is  a  GNSS  In-service  Test,  GIST,  an 
FAA-sponsored  project  called  project  DFW(1)(PD),  which  is  being 
conducted  at  the  Dallas  and  Alliance  Airports.  According  to  its  stat- 
ed purpose,  this  project  will  provide  for  the  demonstration  of  a 
Global  Navigation  Satellite  System  with  the  capability  of  perform- 
ing precision  approaches  and  landings. 

\\^ile  this  project  appears  to  ambitiously  cover  all  aspects  of  pre- 
cision approaches,  data  is  only  being  gathered  on  Category  I  ap- 
proaches, the  use  of  Differential  GPS  and  a  follow-up  for  3  Dimen- 
sional technology.  Hence,  while  the  data  may  appear  to  fulfill  ex- 
pectations, many  challenges  could  arise  since  Category  II  and  Cat- 
egory III  operations  may  pose  technical  difficulties  which  are  sig- 
nificantly different  from  those  in  Category  I. 
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To  date,  some  problems  have  already  arisen  in  this  procedure 
and  in  other  planning  projects  conducted  by  the  FAA.  In  fact,  until 
recently,  the  FAA's  technical  work  force — our  Airwavs  Facilities 
employees  £ind  its  managers— had  been  entirely  excluded  from  the 
GPS  planning  and  testing  process.  Yet,  the  Agency's  internal  docu- 
mentation states,  and  I  quote:  "Augmentation  of  GPS  may  require 
the  expenditure  of  funds  for  additional  space  and/or  ground  sta- 
tions and  may  require  publicly  funded  differential  stations.  If  so, 
these  facilities  will  have  to  be  sponsored  and  procured  by  Airways 
Facilities." 

Without  a  doubt.  Project  DFW  is  extremely  promising  and  a 
highly  valuable  project.  However,  PASS  believes  that  our  Systems 
Specialists  must  be  allowed  to  participate  in  every  aspect  of  this 
project  and  must  be  given  the  opportunity  to  assist  in  the  deter- 
mination of  safe  parameters  for  the  GPS  in  private  and  commercial 
aviation. 

Therefore,  we  urge  the  FAA  to  include  all  facets  of  the  aviation 
community  in  this  initial  test  project  and  to  provide  the  necessary 
resources  for  full  exploration  of  the  GPS  beyond  military  and  gen- 
eral aviation  operations. 

Unquestionably,  our  members  have  the  talent,  knowledge  and 
ability  necessary  to  maintain  our  current  systems  and  to  install, 
maintain  and  certify  future  systems  within  the  FAA.  Additionally, 
our  Flights  Standards  and  Aviation  Systems  Standards  members 
have  the  regulatory  and  avionics  experience  required  for  the  suc- 
cessful completion  of  testing  and  procedures  for  GPS. 

As  you  can  see,  development  of  these  procedures  and  equipments 
for  satellite-based  systems  should  incorporate  representations  from 
all  disciplines  within  the  FAA. 

Through  our  affiliation  with  many  international  aviation  organi- 
zations, including  the  International  Transportation  Federation, 
ITF,  Public  Services  International,  PSI— and  I  would  add  that  be- 
tween those  groups  they  represent  25  million  workers  around  this 
world— and  IFATSEA,  the  International  Federation  of  Air  Traffic 
Safety  Electronics  Associations,  PASS  has  become  aware  of  many 
international  concerns  that  pertain  to  the  implementation  of  the 
GPS  system. 

From  my  discussions  with  representatives  of  these  organizations, 
which  represent  ATC  professionals,  safety  inspectors  and  pilots 
abroad,  I  have  found  a  mixed  spectrum  of  fears,  particularly  with 
regard  to  use  of  a  GPS  system  that  would  rely  on  the  current  U.S. 
DOD  satellite  system. 

In  our  opinion,  without  the  International  Civil  Aviation  Organi- 
zation, ICAO,  approval  for  the  use  of  U.S.  GPS  satellite  navigation, 
the  FAA  will  be  required  to  operate  dual  facilities — ground  equip- 
ment and  satellites — at  all  U.S.  international  airports.  Therefore, 
there  is  an  urgency  for  full  international  agreement  and  coopera- 
tion on  the  use  of  GPS.  Undoubtedly,  without  international  sup- 
port, implementation  of  a  GPS  system  would  be  very  costly  and 
would  require  an  enormous  amount  of  equipment  and  personnel. 

In  closing,  as  we  prepare  to  rely  more  and  more  upon  satellite 
technology,  our  primary  focus  must  remain  on  the  FAA  and  the 
way  it  will  do  business  in  the  future.  At  present,  the  FAA  services 
the  users  of  the  NAS  in  a  remarkable  way.  In  our  opinion,  there 
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is  no  other  Federal  agency  that  can  compare  to  FAA's  record  or 
level  of  accomplishment.  The  mission  of  the  FAA  is  carried  out 
safely  and  efficiently  because  the  people  and  the  equipment  are 
proven.  . 

Thus,  in  order  to  preserve  its  solid  reputation,  as  well  as  the  m- 
tegrity  of  the  flying  skies,  the  FAA  must  strive  to  achieve  the  co- 
operation and  the  concerted  efforts  of  the  entire  aviation  commu- 
nity, for  only  with  substantial  teamwork  will  the  FAA  be  able  to 
ensure  the  safety  of  the  National  Airspace  System  as  we  embark 
upon  future  navigation  systems. 

Thank  you. 

Mr.  Oberstar.  Thank  you  very  much.  I  appreciate  your  com- 
ments, and  I  will  have  some  questions  later. 

Mr.  Faville. 

Mr.  Faville.  Thank  you. 

Good  afternoon,  Mr.  Chairman  and  Members  of  the  subcommit- 
tee. My  name  is  Will  Faville,  and  I  am  the  Director  of  Safety  and 
Technology  for  the  National  Air  Traffic  Controllers  Association. 
NATCA  is  the  exclusive  representative  of  this  Nation's  14,700  air 
traffic  controllers  employed  by  the  FAA. 

I  want  to  thank  you.  Chairman  Oberstar,  for  having  this  hearing 
today.  The  Global  Positioning  System  is  a  technology  that  will 
change  the  face  of  aviation  in  the  United  States  and  throughout 
the  world.  Its  applications  are  limitless.  We  could  have  radar-like 
presentations  for  all  parts  of  the  world.  Cost  would  be  much  less 
than  some  current  technologies  under  consideration  at  the  FAA. 

Last  month,  we  appeared  before  this  body  to  recommend  ways 
the  FAA  could  do  more  with  less.  One  of  our  recommendations  >yas 
to  fully  accept  the  new  technology  of  GPS  and  to  stop  throwing 
good  money  at  Precision  Runway  Monitoring,  PRM,  Microwave 
Landing  System  and  Oceanic  Display  and  Planning  Systems, 
ODAPS.  We  believe  that  GPS  could  replace  all  the  named  systems 
with  a  more  precise  and  cost-efficient  system. 

PRM  is  a  system  that  will  be  obsolete  before  it  becomes  fully 
operational.  The  first  operational  model  just  went  into  the  Raleigh- 
Durham  Airport.  Unfortunately,  the  FAA  is  considering  a  replace- 
ment model  for  the  equipment  at  Raleigh  next  year. 

As  we  mentioned  last  month,  the  initial  desire  for  MLS  in  the 
late  19608  and  early  1970s  was  well  founded.  However,  since  that 
time,  many  of  the  deficiencies  of  the  ILS  have  been  resolved.  The 
MLS  remains  a  very  costly  replacement.  The  cost  is  not  only  expe- 
rienced by  the  FAA,  but  is  felt  by  the  airlines  as  they  retrofit  their 
aircraft  for  MLS  ability.  Utilizing  GPS  technology  will  provide  the 
user  with  a  more  cost-effective,  true  precision  approach. 

Mr.  Chairman,  you  are  well  aware  of  the  delay  and  rising  costs 
involved  with  FAA's  attempt  to  bring  a  fully  functional  and  reliable 
ODAPS  to  life.  What  started  out  as  a  36-month,  $22  million  project 
has  escalated  into  a  100-month,  $51  million  project,  and  the  end  is 
still  nowhere  in  sight.  n  ,    ■ 

I  believe  we  heard  Secretary  Pena  say  the  uses  of  GPS  will  bring 
about  greater  enhancements  in  the  oceanic  en  route  controlling. 
Yet  the  ODAPS,  as  it  currently  stands,  cannot  support  ADS  the  in- 
formation that  could  be  provided  through  the  GPS/GNSS  systems. 
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We  believe  it  is  a  terrible  platform  to  be  putting  into  the  FAA  in 
our  en  route  centers  at  this  time. 

These  are  but  a  few  of  the  projects  that  should  be  terminated. 
Monies  appropriated  by  the  Congress  and  the  personnel  delegated 
by  the  FAA  to  these  projects  should  now  be  invested  in  the  GPS 
before  we  lose  any  of  our  competitive  edge  we  may  gain. 

I  know  that  the  FAA  testified  earlier  that  it  is  fully  committed 
to  GPS.  Unfortunately,  its  actions  are  not  keeping  pace  with  its 
words.  The  FAA's  air  traffic  GPS  office,  the  one  that  helps  put  to- 
gether the  procedures  that  need  to  be  done  to  implement  GPS,  is 
currently  staffed  by  two  people  full  time.  There  are  two  other  tem- 
porary details,  but  they  are  tasked  with  the  responsibility  of  devel- 
oping the  FAA's  internal  training  system  for  GPS.  Recently,  an  ad- 
ditional two  full-time  positions  have  been  authorized,  but  they  have 
yet  to  be  filled. 

FAA  regions  are  in  worse  shape.  Each  region  has  an  individual 
assigned  to  GPS,  but  this  is  as  an  additional  duty,  and  they  have 
many  other  duties  that  are  assigned  to  them  already  keeping  them 
from  full-time  participation  and  work  on  GPS.  The  FAA  must  fully 
staff  these  available  positions  and  seek  to  increase  its  staffing  in 
the  GPS  area.  Without  the  proper  support,  the  FAA's  effort  will  be 
a  Band-Aid  approach,  with  the  pilots  and  controllers  being  left  out- 
side the  loop. 

I  believe  you  asked  Marty  Pozesky  how  to  go  a  little  bit  faster 
in  implementing.  He  mentioned  the  SOIT,  the  Satellite  Operational 
Implementation  Time.  We  haven't  seen  any  air  traffic  involvement, 
with  FAA  seeming  to  be  involved  in  all  the  different  areas  in  air 
traffic.  And  those  are  the  procedures  that  were  addressed  by  the 
previous  committee  that  need  to  be  implemented  and  put  together 
to  develop  a  good  system  of  the  road  map.  I  believe,  Mr.  Chairman, 
you  referred  to  it  as  a  good,  vital  road  map  that  will  lead  us  into 
the  future  implementation. 

And  I  believe  I  may  have  heard  Mr.  Broderick  misspeak  when 
he  mentioned  there  were  several  air  traffic  controllers  involved.  As 
far  as  we  know,  there  has  not  been  one  air  traffic  controller  in- 
volved with  any  of  the  GPS  investigations.  And  we  believe  that  is 
crucial  to  the  proper  success  and  building  of  the  road  map  into  the 
future  of  GPS. 

Air  traffic  controllers  across  the  Nation  do  not  know  anything  of 
the  FAA's  plans  in  regards  to  GPS.  Apparently,  the  GPS  office  in 
Washington  developed  a  controller  briefing  package  and  sent  it  to 
the  field  months  ago,  but,  to  date,  very  few  controllers  have  been 
briefed.  Those  few  controllers  who  know  of  GPS  happened  to  be  pri- 
vate pilots  and  gathered  information  from  other  non-FAA  organiza- 
tions. 

The  FAA  plans  to  test  several  applications  for  GPS  at  various 
anticipates  throughout  the  U.S.  by  the  fall  of  this  year.  Testing  is 
to  be  conducted  at  the  Oshkosh  Air  Show,  at  Dallas  and  Juneau, 
Alaska.  Air  traffic  controllers  at  those  facilities  have,  again,  been 
frozen  out  of  the  loop.  This  cannot  be  allowed  to  condition. 

GPS  can  be  a  valuable  technology  for  the  FAA  and  our  Nation's 
troubled  airlines  and  aviation  system;  but,  meaningful  controller 
involvement  is  a  must. 
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All  too  often,  controller  involvement  is  grudgingly  permitted  by 
the  FAA.  We  witnessed  this  with  TCAS  and  the  Advanced  Automa- 
tion System,  to  name  a  few  of  the  occasions.  The  FAA  must  under- 
stand that  the  air  traffic  controllers  and  their  input  into  new  tech- 
nology are  a  very  valuable  resource  available  to  them.  NATCA 
firmly  believed  that  a  NATCA  liaison  office  should  be  associated 
with  the  air  traffic  GPS  office  at  FAA  headquarters,  which  is  simi- 
lar to  a  project  we  attempted  to  set  up  with  FAA  under  AAS  which 
is  now  starting  to  come  to  fruition. 

The  road  map  for  implementation  can  only  be  completed  with 
good  input  from  all  those  line  people  and  the  final  operators  of  the 
system  to  develop  the  correct  procedures  and  to  fully  utilize  the 
procedures  of  the  system. 

Thank  you,  Mr.  Chairman.  I  will  be  glad  to  answer  any  questions 
you  or  the  subcommittee  may  have. 

Mr.  Oberstar.  I  must  say  I  am  very  disappointed  and  distressed 
to  hear  that — from  your  statements — the  FAA  has  not  been  inclu- 
sive of  either  professional  airway  systems  specialists  our  air  traffic 
controllers.  And  yet,  we  heard  the  testimony  this  morning,  Mr. 
Broderick  saying  they  have  been  included.  They  have  been  con- 
sulted. 

And  your  perspective  is  that  a  packet  of  information  was  sent 
out.  Maybe  some  first-line  supervisors  were  involved  in  the  discus- 
sions. They  are  air  traffic  controllers,  not  full  time.  But  there  cer- 
tainly is  a  misperception  on  FAA's  part,  if  the  reality  from  the  con- 
troller's side  is  we  haven't  been  consulted.  Somebody  at  the  top  has 
been  told  that  vou  have  been.  And  you  are  saying  you  haven't.  And 
that  is  a  mistake. 

If  that  is  the  case,  it  is  certainly  shortchanging  the  opportunities 
for  progress  here  to  fail  to  include  those  who  would  be  most  inti- 
mately associated  with  Global  Positioning  System,  along  with  pi- 
lots, in  the  operation  of  such  a  system. 

There  have  been  some  suggestions  that  FAA  should  be  procured 
and  owned  and  operated  by  airports  and  airlines  because  they  can 
do  it  faster  and  cheaper  and  they  won't  have  all  the  government 
hoops  to  jump  through.  Do  you  think  it  would  be  quicker,  cheaper? 
And  would  the  end  result  be  better  than  proceeding  in  the  way  that 
FAA  is  doing? 

Mr.  Faville.  Firstly,  Mr.  Chairman,  I  believe  that  Mr.  Poritzky 
talked  about  there  is  some  bureaucracy  that  comes  together  when 
trying  to  develop  and  come  up  with  any  of  the  systems.  I  believe 
that  it  was  mentioned  earlier  there  wasn't  one  FAA— we  have 
flight  standards,  the  R&D  and  the  air  traffic  and  the  Airways  Fa- 
cilities in  use  in  implementing  everything. 

I  was  very  pleased  to  hear  the  suggestion  that  you  had  made  just 
at  the  end  of  the  last  panel  on  getting  all  the  groups  together  as 
long  as  we  remember  that  part  of  those  groups  are  line  controllers, 
the  line  pilots,  the  line  Systems  Specialists  that  are  involved  in 
putting  the  information  together.  I  would  hate  to  see  them  left  out 
of  the  loop,  no  matter  which  entity  were  to  work  on  a  quick  imple- 
mentation of  the  GPS. 

Mr.  Oberstar.  Controllers  and  PASS  members  were  included  in 
my  description  of  who  ought  to  participate  in  such  a  summit. 
Mr.  Faville.  I  understand  that,  sir. 
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Mr.  Oberstar.  The  users  and  the  operators. 

Mr.  Faville.  I  certainly  hope  we  have  others  that  would  under- 
stand the  same,  sir. 

Mr.  JOHANNSSEN.  In  response  to  your  question  as  well,  in  pre- 
vious testimony  here  and  in  appropriations,  the  GAO  has  taken  a 
hard  look  at  FAA  and  the  way  they  go  about  their  business,  and 
there  is  no  question  that  the  current  employees  of  the  FAA  do  a 
far  better  job,  in  a  quicker  period  of  time,  cheaper  than  any  con- 
tractor or  any  group  of  contractors.  The  number  that  I  remember 
that  came  out  of  the  study  was  a  difference  of  about  $45,000  per 
employee  cheaper  done  in-house  than  out  of-house.  And  the  GAO 
has  those  numbers,  and  I  believe  I  left  those  with  my  last  testi- 
mony. 

But  the  question  really  doesn't  go,  I  think  so  much — the  question 
we  have  about  what  is  going  on  with  the  system  is  we  are  ready 
to  get  on  with  it.  We  embrace  chsuige. 

Historically,  unions  have  been  perceived  as  featherbedding  and 
whatever  else.  With  change  and  automation,  jobs  are  lost  and  op- 
portunities are  lost.  That  is  not  the  case  in  technology.  For  every 
job  we  are  able  to  displace  and  find  a  better  way  to  do  it,  generally 
we  create  another  one.  Maybe  not  right  in  house  but  out  in  some 
factory  some  place  developing  electronic  equipment  or  whatever 
else. 

So  we  are  ready  to  go  with  GPS  and  work  hard  on  it.  But  all  we 
ask  is  to  be  included.  We  believe  that  we  have  something  to  offer. 

Mr.  Oberstar.  Thank  you  very  much.  I  have  a  couple  of  other 
questions  that  I  will  come  back  to  later. 

Mr.  Clinger. 

Mr.  Clinger.  Thank  you,  Mr.  Chairman. 

It  seems  to  me  that  this  has  been  a  chronic  situation  with  regard 
to  the  involvement  of  the  professional  air  traffic  controllers  and  the 
airway  specialists  in  discussions  of  new  systems.  Is  that  an  erro- 
neous perception?  I  think  that  perhaps  you  testified  or  somebody 
testified  that  in  developing  TCAS  there  was  an  exclusion  of  your 
organization. 

Mr.  JoHANNSSEN.  FAA  is  undergoing  a  cultural  change.  And  a 
culture  doesn't  change  overnight.  In  Airways  Facilities,  and  start- 
ing in  Flight  Standards  we  are  working  together.  There  is  a  real 
collaborative  effort. 

But  other  segments  of  the  FAA  who  are  not  used  to  working  di- 
rectly with  the  union  or  organized  workers  still  go  about  business 
their  own  way,  and  I  don't  view  it  as  an  intentional  piece  on  their 
part.  They  need  to  be  brought  into  this  process  called  cultural 
change  where  we  draw  from  the  people  who  work  for  us  all  the  re- 
sources and  all  the  information  so  that  we  come  out  with  some- 
thing that  is  good  for  everybody. 

So  I  don't  take  it  personal.  And  I  don't  think  it  is  purposeful.  It 
is  just  that  they  are  used  to  doing  business  the  old  way,  and  they 
need  to  hear  me  say  this  here.  It  will  get  back  to  them,  and  they 
will  consider  doing  things  differently. 

Mr,  Clinger.  We  are  talking  about  from  a  management  point  of 
view,  FAA's  management  point  of  view.  Let  me  ask  you  this.  What 
kind  of  stress  is  it  going  to  put  on  the  system  to  transfer,  to  have 
your  members  assigned  to  GPS  or  GNSS  development? 
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Mr.  JOHANNSSEN.  It  is  stress,  as  I  have  testified  before.  We  are 
short  about  3,000  people.  And  any  time  you  take  a  person  to  do 
something  else,  you  are  stressing  the  system. 

Mr.  Clinger.  So  it  will  be  impacted. 

Mr.  JoHANNSSEN.  It  does  stress  the  system.  However,  it  also 
stresses  the  system  more  not  to  be  involved.  So  there  is  a  little  rob- 
bing Peter  to  pay  Paul,  balancing  the  stress  of  the  system.  But  we 
are  not  so  terribly  short  that  we  couldn't  have  some  involvement 
on  my  part  and  some  others. 

Mr.  Paville.  Absolutely.  I  think  we  would  welcome  the  participa- 
tion because  what  we  have  found  on  the  air  traffic  end  is  that  we 
will  have  new  procedures  implemented,  TCAS  being  a  prime  exam- 
ple, without  the  line  control  involvement  where  those  that  have  not 
controlled  traffic  for  years  are  saying  that  this  is  the  best  way  to 
control  the  traffic,  and  the  men  and  women  working  day  to  day 
know  the  best  ways  to  control  traffic  and  the  way  to  set  it  up  so 
that  they  can  more  efficiently  and  safely  move  air  traffic. 

Mr.  Clinger.  One  place  that  you  diverge  dramatically  from  ear- 
lier testimony,  I  gather  what  you  are  saying  is  that  you  would  pro- 
Eose  to  stop  all  funding  from  MLS,  for  example,  and  existing  land- 
ased  systems  and  put  that  funding  into  GPS  with  the  idea  of  ex- 
pediting that.  Were  you  here  when  Mr.  Broderick  testified  that  we 
needed  both  of  those  systems?  We  needed  to  go  forth  with  both  of 
those  systems  to  ensure  that  we  would  have  a  sort  of  a  seamless 
safety  regimen  out  there. 

Mr.  Faville.  I  think  one  of  the  best  examples  is  the  oceanic  dis- 
plays as  Secretary  Pena,  Marty  Pozesky  and  eveiybody  has  men- 
tioned, the  increase  in  en  route  oceanic  air  traffic  control.  Cur- 
rently, we  are  using  strips,  the  old-fashioned  ways.  A  new  project 
was  developed.  ODAPS,  Oceanic  Display  and  Planning  Systems,  is 
now  in  New  York  center  and  Oakland  center  to  assist. 

However,  it  is  not  working  the  way  it  needs  to  be  worked.  Sev- 
eral pieces  of  the  system  are  working  well.  So  that,  instead  of 
throwing  more  money  into  this  project  trying  to  fix  this  project, 
let's  freeze  the  funding  for  this  project.  Let's  let  it  sit  as  is.  Move 
those  people  that  are  now  working  at  headquarters — and  we  have 
had  a  recent  commitment  from  FAA  to  get  line  controller  involve- 
ment— those  that  are  using  the  system  and  develop  another  sys- 
tem. 

ODAPS  is  an  example  that  was  displayed  as  a  system  that  would 
support  GPS  information  and  data  link  through  the  use  of  ADS, 
Automated  Dependant  surveillance.  We  find  that  disturbing  that 
we  are  going  to  continue  on  funding  ODAPS  when  the  money  could 
be  spent,  we  feel,  more  wisely. 

The  same  is  true  with  the  precision  runway  monitoring  equip- 
ment. GNSS  is  down  the  road  another  four  or  five  years.  We  are 
currently  funding  a  radar  system  that  is  part  of  the  system,  the  E 
scan  radar,  when  they  update  it  and  bring  in  the  whole  new  sys- 
tem. Yet  with  the  E  scan,  precision  runway  monitoring  informa- 
tion, the  closest  at  Raleigh-Durham  that  we  are  able  to  get  the  air- 
craft on  parallel  approach  is  3,400  feet.  We  believe  with  GPS  tech- 
nology we  will  be  able  to  bring  that  down  to  2,900  feet  with  more 
accuracy  and  much  more  accurate  display  and  information  to  the 
controllers  and  feedback  to  the  pilots. 
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Mr.  CuNGER.  Thank  you,  gentlemen. 

Mr.  Oberstar.  I  just  want  one  clarification  on  project  DFW. 
Could  you  describe  that? 

Mr.  JOHANNSSEN.  I  understand  that — I  have  not  seen  it,  so  I  am 
only  giving  you  what  has  been  passed  to  me  in  papers  that  I  have 
read.  Thev  currently  have  a  project  in  place  checking  GPS  ap- 
proaches for  Category  I's  out  in  Dallas.  The  equipment  is  there.  It 
is  ongoing.  And  I  understand  it  has  been  pretty  successful  from 
what  I  hear.  I  would  be  afraid  to  tell  you  any  more  because  I  would 
be  grasping  stuff.  It  wouldn't  be  fair  to  you. 

Mr.  Oberstar.  Thank  you. 

The  final  question  on  the  international  aspect  that  we  heard  tes- 
timony previously  of  at  least  one  witness  who  felt  that  the  United 
States  ought  to  allow  the  international  system — whether  it  is  the 
Russian  system  or  the  one  being  developed  by  the  European  Com- 
munity— to  either  cateh  up  with  us  or  to  be  integratea  with  our 
system.  What  do  you  hear  from  your  counterparts  in  air  traffic  con- 
trol in  Europe  or  elsewhere  about  Global  Positioning  System  and 
governments  that  are  under  way  in  the  European  Community  and 
within  Russia? 

Mr.  Faville.  Most  recently,  Mr.  Chairman — not  most  recently — 
last  April,  I  was  at  an  International  Federation  of  Air  Traffic  Con- 
trollers Association  meeting,  and  discussions  of  GPS  was  brought 
up.  Their  concerns  are  those  that  are  still  expressed  by  the  aviation 
community.  Their  lack  of  information  and  knowledge  on  the  sys- 
tems, other  than  what  they  are  hearing  from  their  civil  aviation 
authorities  on  the  concern  that  what  happens  when  the  U.S.  turn 
its  off,  the  fear  of  terrorism. 

There  wasn't  enough  information  for  them  to  start  formulating 
our  trying  to  work  on  what  was  going  to  happen  in  the  future. 
They  are  part  of  the  FANS,  and  they  are  trying  to  work  with  the 
information  that  comes  from  that.  They  are  working  on  the  Auto- 
matic Dependant  Surveillance,  ADS.  They  would  like  to  see  more 
of  this  inibrmation — controllers  worldwide. 

We  are  short  staffing.  We  are  short  good,  reliable  equipment  and 
modem  technological  equipment. 

Mr.  JoHANNSSEN.  Mr.  Chairman,  I  just  came  back  from  Asia.  I 
was  in  China  and  in  Thailand.  In  Thailand,  I  was  selected  by  the 
International  Federation  of  Air  Traffic  Safety  Electronic  Associa- 
tions to  be  the  rep  to  ICAO  for  member  countries.  I  was  the  indi- 
vidual who  brought  Russia  into  the  international  organization  last 
year  in  Cypress,  and  I  have  spent  the  last  12  years  working  with 
foreign  countries  in  exactly  what  we  do  here. 

Back  in  March  of  this  year  I  was  selected  by  the  ITF,  the  Inter- 
national Transportation  Federation,  representing  some  10  million 
workers  and  PSI,  some  25  million  workers,  as  their  rep  to  ICAO. 
So  I  can  sit  before  you  and  say  that  I  speak  for  the  rest  of  the 
unions  for  air  traffic  services  around  the  entire  world.  They  elected 
me  to  do  that. 

Mr.  Oberstar.  That  is  incredible.  It  is  a  compliment  to  you. 

Mr.  JoHANNSSEN.  Thank  you.  I  appreciate  it.  And  I  will  be  rep- 
resenting those  people  at  ICAO. 

What  I  have  learned  is  this — and  very,  very  similar  to  Will's 
findings — that  the  people  who  maintain  the  equipment,  up  through 


80 

the  managerial  levels,  really  don't  get  the  knowledge  and  informa- 
tion about  GPS,  as  I  think  they  should  receive  that  information,  to 
be  forceful  enough  in  their  own  countries  to  take  another  look  to 
change  the  views  at  ICAO.  I  think  what  we  are  stuck  with  is  a 
group  of  well-meaning,  hard-working  folks  at  ICAO  who  came  with 
certain  knowledge  and  skills  and  abilities  some  time  ago,  and  they 
still  dwell  in  those  thoughts  and  those  feelings  without  going  back 
and  really,  providing  information  to  the  people  that  could  help 
them  and  checking  it  out  and  perhaps  consider  changing  their  posi- 
tion. 

In  the  first  week  of  September  I  am  hosting  an  international  con- 
vention in  Orlando  where,  hopefully,  there  will  be  50  countries,  and 
I  have  invited  these  nice  gentlemen  with  this  equipment  to  bring 
it  down,  and  we  will  be  able  to  educate  50  nations  in  the  world 
about  GPS,  and,  hopefully,  that  will  go  a  long  way  in  acceptance. 
I  think  that  is  what  it  is. 

GPS  is  viewed  as  the  Americans  once  again  forcing  our  tech- 
nology down  their  throat.  There  is  a  lot  of  pride  about  developing 
their  own.  I  think  they  misunderstand  that,  and  they  get  it  con- 
fused with  MLS.  That  GPS  replaces  MLS,  and  they  can't  have  their 
MLS,  and  that  is  not  the  case.  We  can  have  a  GPS  system  and 
MLS  if  we  choose.  Cat  II's  and  Ill's  can  have  MLS.  And  they  can 
take  advantage  of  the  GPS  when  they  need  it  in  traveling  around. 

You  look  at  Europe  with  26  air  traffic  control  facilities  and  the 
new  European  Community.  They  can't  decide  what  to  open  or  close 
or  maybe  leave  the  same.  We  need  to  take  a  stance  of  being  helpful 
and  informative  and  not  be  seen  as  an  aggressor  in  our  technology 
but  a  sharer  in  our  technology.  And  I  think  we  will  do  just  fine. 

Mr.  Oberstar.  Thank  you  very,  very  much. 

It  seems  to  me  in  Europe,  with  all  the  military  air  space  reserva- 
tions, that  GPS  would  be  very,  very  valuable  in  maneuvering  air- 
craft and  particularly  in  the  new  areas — new  air  space  added  with 
East  Germany  moving  into  union  with  West  Germany.  And  the 
former  Warsaw  pact  states  that  are  independent  nations  have 
added  tremendous  amount  of  air  space  in  Europe  to  air  navigation, 
albeit  not  heavily  utilized.  But  there  is  a  whole  fresh  field  of  appli- 
cation of  this  technology  that  could  be  most  useful. 

Mr.  JOHANNSSEN.  And  it  is  so  expansive  that  we  can  only  begin 
to  perceive  5  or  10  percent  of  what  we  will  see  10,  15,  20  years 
from  now,  and  I  think  that  is  going  to  be  wonderful  for  our  econ- 
omy. 

Mr.  Oberstar.  Thank  you  very,  very  much  for  your  presentation 
today. 

Our  final  panel  for  the  day  includes  Mr.  David  Mineck,  Director 
of  Advanced  Systems,  Collins  Commercial  Avionics,  speaking  for 
the  Greneral  Aviation  Manufacturers  Association;  Mr.  Ralph 
Eschenbach,  Vice  President  of  Navigation  Division,  Trimble  Navi- 
gation; and  Mr.  Chris  McCleary,  Vice  President,  Sales  and  Market- 
ing, American  Mobile  Satellite  Corporation. 


81 

TESTIMONY  OF  DAVID  MINECK,  DIRECTOR  OF  ADVANCED  SYS- 
TEMS, COLLINS  COMMERCIAL  AVIONICS,  ON  BEHALF  OF 
THE  GENERAL  AVIATION  MANUFACTURERS  ASSOCIATION; 
RALPH  ESCHENBACH,  VICE  PRESIDENT,  NAVIGATION  DIVI- 
SIGN,  TRIMBLE  NAVIGATION,  INC.;  AND  CHRIS  MCCLEARY, 
VICE  PRESIDENT,  SALES  AND  MARKETING,  AMERICAN  MO- 
BILE SATELLITE  CORPORATION 

Mr.  Oberstar.  Mr.  Mineck,  welcome.  Glad  to  have  you. 

Mr.  Mineck.  Thank  you. 

As  you  kindly  introduced  me,  I  am  with  the  Collins  Avionics  part 
of  Rockwell.  I  am  here  speaking  for  GAMA  and  Collins  Commercial 
Avionics. 

I  have  submitted  a  written  statement  and,  in  light  of  the  hour, 
I  will  try  to  be  brief  in  summarizing  my  comments. 

GAMA  represents  United  States'  companies  that  manufacture 
business,  commuter,  personal  aircraft,  engines,  avionics  and  other 
components.  They  have  been  very  involved  in  the  air  navigation 
policies  over  the  years,  and  they  have  been  involved  in  numerous 
satellite  navigation  task  forces  and  working  groups. 

On  behalf  of  GAMA,  I  would  like  to  iterate  we  are  a  very  strong 
proponent  of  the  Global  Positioning  System  and  the  satellite-based 
navigation  systems. 

Collins  Avionics  is  based  in  Cedar  Rapids,  Iowa,  and  we  manu- 
facture a  complete  line  of  communication,  navigation  and  flight 
control  avionics  systems  for  all  pieces  of  the  aviation  business — 
general  aviation,  airline  and  military  aircraft.  Our  parent  company 
has  been  heavily  involved  in  the  original  development  of  the  GPS 
satellites  and,  of  course,  has  built  the  satellites  that  are  currently 
in  space.  We  provided  the  majority  of  the  GPS  systems  involved  in 
the  DOD  departments,  and  we  have  been  heavilv  involved  as  a 
supplier  of  commercial  GPS  for  the  consumer  marketplace,  includ- 
ing a  lot  of  the  general  aviation  market  that  is  currently  out  there 
today.  We  are  also  involved  in  manufacturing  equipment  for  land 
transportation,  both  railroads  and  the  trucks. 

And  while,  as  we  saw  from  Mr.  Ferguson's  presentation  today, 
we  are  going  to  eliminate  a  lot  of  the  products  that  we  currently 
supply,  on  behalf  of  Collins  I  would  like  to  reiterate  that  we  are 
a  strong  backer  of  the  Global  Positioning  System  and  the  activities 
that  are  going  on  in  that  area. 

As  our  customers  across  the  board  have  already  installed  GPS 
equipment,  we  believe  that  the  industry  impact,  as  has  been  said 
today,  is  probably  as  big  as  anything  that  has  happened  in  the  last 
30  or  40  years.  Many  of  our  customers  are  likening  it  to  the  change 
that  we  had  in  the  transportation  industry  department  when  the 
turbofan  engine  was  introduced. 

So  the  real  question  is  not  do  we  do  GPS,  but,  as  we  heard  in 
the  last  few  hours,  how  and  how  do  we  get  on  with  it  quickly? 

I  would  like  to  touch  briefly  on  some  of  the  benefits.  We  have  dis- 
cussed most  of  them  today,  but  I  think  there  is  one  aspect  that  has 
not  had  enough  attention  as  we  have  chatted  today  and  that  is  the 
benefits  for  safety  and  operation. 

We  have  talked  a  lot  about  cost  savings,  but  particularly  in  the 
general  aviation  piece  of  the  marketplace  the  ability  to  have  preci- 
sion approach  guidance  at  literally  thousands  of  airports  around 
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the  world  is  extremely  important.  There  is  another  aspect  of  that 
technology  also  there.  To  combine  with  simple  databases  we  can 
have  a  substantial  improvement  in  giving  the  pilot  awareness  of 
the  terrain  around  him. 

One  of  the  biggest  causes  of  fatalities  in  the  aviation  business 
today  is  controlled  flight  into  terrain.  We  hit  things  when  we  are 
not  planning  on  it.  With  GPS  we  can  make  marvelous  steps  for- 
ward in  improving  that.  And  if  we  add  a  data  link,  as  we  discussed 
today,  we  can  communicate  better  and  create  TCAS-4  systems  for 
much  less  money  than  what  the  current  TCAS  systems  cost.  It  will 
allow  everybody  to  have  awareness  of  who  is  flying  around  them, 
which  will  be  a  big  step  forward  to  task  avoidance  and  separation. 

We  have  talked  a  lot  about  the  benefits  and  approach  procedures. 
I  would  like  to  reiterate  from  our  viewpoint  that  we  do  feel  that 
the  development  of  the  approach  procedures,  and  the  associated  air 
traffic  control  procedures  to  go  with  it,  is  lagging  from  some  of  the 
technology  that  we  have  been  developing. 

I  think  another  aspect  that  we  feel  that  there  is  work  needed  in 
is  also  in  the  area  of  integration  from  the  pilot's  viewpoint  into  the 
cockpit.  We  have  got  some  marvelous  technology  in  front  of  us,  and 
we  have  a  lot  of  systems  out  there  today.  Mr.  Ferguson  talked 
about  very  quick  payback  of  systems  as  he  integrated  them  into  his 
airplane. 

As  we  develop  our  operational  definitions  and  procedures,  we 
have  to  be  careful  that  we  don't  create  requirements  to  go  change 
all  that  equipment  that  is  currently  in  the  airplanes  today.  Be- 
cause, while  software  is  wonderful,  it  is  also  expensive  to  change, 
and  we  have  to  have  an  organized  plan  so  that  we  don't  change 
this  two  or  three  times  over  the  next  few  years  as  we  go  forward. 

I  would  like  to  commend  the  FAA  for  all  of  the  work  that  they 
have  done  in  really  trying  to  get  this  going.  They  have  done  things 
a  lot  faster  than  we  have  seen  in  the  past.  There  has  been  a  num- 
ber of  demonstration  programs  that  we  have  heard  about  today 
that  are  developing,  a  lot  of  operational  concepts  as  well  as  the 
technology.  They  have  also  brought  in  other  nations. 

One  area  that  wasn't  mentioned  today  that  I  think  is  significant 
that  the  FAA  has  supported  and  that  is  in  the  Fiji  islands  they  are 
developing  a  complete  GPS-based  navigation  and  air  traffic  man- 
agement system  as  a  pilot  program.  And,  basically,  they  have  four 
NAV  aids  throughout  many,  many  thousands  of  islands  and  thou- 
sands of  square  miles  of  area. 

And  so  this  is  a  turnkey  approach  as  to  how  to  build  an  air  traf- 
fic management  system  around  GPS.  That  is  in  process  today.  It 
is  significant  in  terms  of  what  GPS-based  systems  can  do  for  the 
world  in  those  areas  that  don't  have  a  system  today.  It  is  not  our 
problem  in  the  U.S.,  but  it  certainly  is  in  a  lot  of  places  in  the 
world.  And  I  want  to  commend  the  FAA  for  supporting  that  activ- 
ity. 

I  think — to  go  on  to  the  issues  to  be  resolved  quickly.  They  have 
been  covered  thoroughly  today. 

We  would  reinforce  that,  right  now,  we  are  too  fragmented  as  to 
how  we  are  going  about  this.  In  the  FAA  there  is  not  a  central 
plan.  We  have  heard  that  several  times.  As  a  member  of  the  indus- 
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try,  we  try  to  actively  participate  in  the  committees  that  we  have 
heard  about,  RTCA,  lATA,  all  the  other  groups  that  are  working. 

But,  as  a  simple  example  of  what  we  are  facing  in  the  industry 
on  the  very  issue  of  data  links  visual  communications  to  and  from 
the  airplanes,  there  are  approximately  40  industry  committees  on 
a  worldwide  basis.  We  heard  six  different  kinds  of  definitions  this 
morning.  My  engineers  gave  me  something  on  the  order  of  15.  We 
only  need  one  or  two.  We  don't  have  a  crisp  way  of  saying  let's  pick 
these  two  and  let's  go  forward. 

I  think  that  we  have  heard  the  mandate  that  we  need  an  imple- 
mentation plan  that  maybe  is  a  little  bit  more  crisp  in  its  time 
scale.  The  users  around  the  world  are  looking  for  the  benefits.  The 
world's  trEinsportation  industry  has  a  lot  of  financial  problems,  and 
the  kinds  of  cost  savings  that  we  have  heard  about  today  are  just 
the  tip  of  the  iceberg. 

One  of  the  major  U.S.  airlines  just  recently  quoted  if  they  could 
save  one  minute  per  flight  on  their  747—400,  they  would  save  $100 
million  a  year  in  fuel.  So  the  kinds  of  cost  savings  that  we  were 
looking  at  on  the  models  here  are  available  and  available  imme- 
diately, but  we  have  to  get  the  traffic  procedures  in  place  to  sup- 
port them. 

We  have  covered  the  integrity  warning  issue  thoroughly  today. 
That  is  a  key  factor  that  needs  to  be  addressed.  I  think  the  area 
of  operational  integration  is  another  one,  not  only  from  the  cockpit 
viewpoint  but  from  as  we  heard  the  air  traffic  controllers  and  tne 
operators. 

About  15  years  ago,  the  industry  spent  a  lot  of  money  putting 
what  they  call  flight  management  systems  into  all  the  new  air- 
planes in  the  world,  and  those  first  started  hitting  the  industry  in 
1978,  1979.  Boeing  pioneered  a  lot  of  it  in  the  early  1980s.  Just 
today  we  are  beginning  to  see  the  operational  benefits  that  those 
flight  management  systems  have  had  in  the  airplanes  in  the  last 
10  years,  and  that  is  because  we  are  finally  getting  some  of  the 
things  that  we  looked  at  where  we  can  do  the  direct  routes  and 
preferential  routes.  The  equipment  and  technology  have  been  there 
for  quite  a  while.  We  as  a  group  haven't  kept  the  operational  as- 
pects in  sjrnc. 

I  think  the  other  point  that  I  would  like  to  make  in  closing  is 
we  have  talked  a  lot  about  cost  allocation  today,  and  certainly, 
from  the  general  aviation  viewpoint,  we  feel  we  are  contributing  to 
the  user  fees.  It  would  be  difficult  to  allocate  on  a  per-use  basis 
anything  like  using  GPS  or  differential  GPS  fees.  And,  in  particu- 
lar, there  is  a  concern  that  when  we  have  things  that  really  do  pro- 
vide safety,  they  shouldn't  be  financed  on  an  as-you-fly  basis  be- 
cause, in  reality,  we  may  end  up  deferring  people  from  using  them 
when  they  do,  in  fact,  enhance  safety. 

So,  in  conclusion,  I  would  like  to  reemphasize  that  we  feel 
strongly  that  the  U.S.  is  in  the  position  to  lead  the  transition  to 
Global  Positioning  System.  We  have  a  lot  of  issues  to  deal  with  in 
terms  of  control  and  the  things  we  have  heard  about  the  European 
attitudes. 

We  have  heard  from  our  major  European  operators,  the 
regionals,  corporates,  airlines,  the  same  types  of  concerns  and  the 
same  types  of  immediate  cost  benefits  that  they  see.  They  are  frus- 
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trated  with  their  own  infrastructure  and  being  able  to  implement 
it.  I  feel — and  this  is  really  a  Collins  position  more  than  a  GAMA — 
that  we  have  an  opportunity  in  the  U.S.  to  show  the  world  what 
it  will  do,  and  the  world  will  tend  to  follow.  Whether  it  is  our  tech- 
nology or  somebody  else's,  we  need  to  solve  the  airline's  problems. 

I  greatly  appreciate  this  opportunity  to  be  here  today  and  will  be 
happy  to  answer  any  questions  that  you  might  ask.  Thank  you. 

Mr.  Oberstar.  Thank  you  very  much  Mr.  Mineck.  You  covered 
a  lot  of  information  in  a  very  short  period  of  time.  It  is  wonderful. 

Mr.  EscHENBACH.  Well  pronounced.  Thank  you  very  much,  Mr. 
Chairman.  And  thank  you  for  inviting  us  to  participate  in  this  sub- 
committee. 

I  am  Ralph  Eschenbach,  Vice  President  of  Navigation  and  Gen- 
eral Manager  of  the  Navigation  Division  at  Trimble,  and  I  am 
speaking  not  only  as  a  representative  of  Trimble  but  as  a  pilot.  I 
have  been  flying  for  25  years  myself,  and  there  was  a  time  that  I 
claimed  that  I  had  more  GPS  hours  than  any  other  pilot.  But  I 
have  been  passed  in  the  last  two  years. 

GPS  will  revolutionize  the  aviation  industry,  but  it  is  important 
to  recognize  that  this  is  just  one  of  the  industries  that  GPS  is  revo- 
lutionizing along  the  way.  Current  estimates  are  that  aviation  will 
be  3  percent  of  the  users  of  GPS  when  it  fully  implemented  into 
the  system. 

The  reason  that  this  has  been  so  revolutionary  in  aviation  is  that 
there  is  great  economic  convenience  and  safety  benefits.  I  wish  Mr. 
McLaughlin  were  here  to  realize  that  we  are  not  talking  about  the 
future  of  air  navigation,  we  are  talking  about  the  present  of  it. 
Trimble  has  already  shipped  well  over  20,000  GPS  receivers  to 
aviation  owners  and  pilots.  And  this  is  a  system  that  is  getting  uti- 
lized today,  even  though  many  of  the  operational  procedures  are 
lagging,  as  we  have  heard  from  quite  a  bit  of  testimony. 

Today,  I  will  just  address  four  of  the  major  areas  that  GPS  will 
have  impact  in,  and  you  have  heard  about  a  lot  of  them:  naviga- 
tion, collision  avoidance,  landing  and  surveillance.  And  I  hope  to 
add  a  little  bit  to  each  one  of  those. 

In  the  navigation  area,  GPS,  as  we  heard  from  Mr.  Ferguson  this 
morning,  offers  us  tremendous  savings.  He  talked  about  return  on 
investment  in  91  days.  What  he  didn't  mention  is  that  is  only  on 
their  routes  between  Houston  and  Florida.  Right  there  he  is  saving 
the  system  costs  in  91  days.  If  he  could  use  it  in  the  entire  system, 
it  would  be  closer  to  91  minutes.  So  the  savings  is  just  huge  for 
the  airlines. 

But,  again,  the  procedures  need  to  be  there,  and  at  this  point 
they  are  still  lacking. 

In  the  area  of  collision  avoidance,  right  now  we  are  starting  to 
implement  and  have  implemented  the  TCAS  system.  We  heard  talk 
about  TCAS-4  coming  on  line.  I  endorse  that  wholeheartedly.  I  am 
afraid  if  we  don't  we  will  be  sitting  here  five  years  from  now  talk- 
ing about  TCAS  the  same  way  we  talk  about  MLS.  It  will  be  the 
MLS  of  the  collision  avoidance  system  if  we  don't  get  moving. 

And  the  problem  is  not  MLS  our  TCAS.  The  problem  is  the 
length  of  time  that  it  takes  a  good  idea  to  get  implemented  into  the 
system. 
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The  third  area  is,  obviously,  landing  systems  and  landing  air- 
craft. You  have  seen  equipment  on  the  table  over  here  that  dem- 
onstrates that  that  is  available  today.  Landing  capability  could  be 
put  into  the  airports  around  the  country  and  give  us  about  a  four 
to  fivefold  increase  in  the  ability  to  land  aircraft  at  smaller  air- 
ports, reducing  congestion  and  reducing  aircraft  density. 

Lastly,  we  have  talked  with  the  area  of  surveillance  and  ADS. 
This  is  also  an  area  where  GPS  will  become  a  prime  player.  This 
will  greatly  reduce  the  separation  that  we  need  in  the  transoceanic 
corridors.  Also,  we  will  be  able  to  start  talking  about  GPS  handling 
the  runway  incursion  problems  on  the  groimd,  which  is  also  a  sur- 
veillance kind  of  issue. 

It  is  well-known  that  the  accident  that  happened  in  San  Diego 
was  caused  by  human  error,  and  if  we  can  get  GPS  into  runway 
incursion  situations,  it  can  eliminate  those  kinds  of  problems. 

I  would  like  to  cover  a  couple  of  things  that  I  think  we  have  been 
talking  about  today. 

We  have  talked  about  the  jamming  issue.  I  think  the  jamming 
issue  will  become  a  moot  point  as  we  get  further  down  the  stream. 
As  Mr.  Pozesky  stated  earlier  in  the  testimony,  the  GPS  jam  is  fail- 
safe; i.e.,  if  it  does  jam,  it  will  not  give  you  an  erroneous  position 
solution. 

And,  in  fact,  if  you  want  to  be  devious,  the  ILS  is  much  easier 
to  spoof  to  lead  an  aircraft  astray  than  GPS  and  so  is  GLONASS 
easier  to  spoof.  Because  it  has,  as  Mr.  Beukers  pointed  out,  sat- 
ellites on  a  single  frequency.  So  all  you  have  to  do  is  mislead  one 
satellite,  and  it  is  easier  to  do  than  with  GPS. 

Mr.  Oberstar.  You  said  that  it  would  not  mislead  you,  it  would 
just  not  provide  you  information?  Is  that  what  you  mean? 

Mr.  ESCHENBACH.  GPS  will  fail-safe.  If  it  is  jammed,  it  will  real- 
ize that  it  is  not  getting  a  solution,  and  it  will  put  up  a  display  say- 
ing, don't  do  a  landing.  Abort  the  landing  at  this  time.  Whereas, 
with  the  MLS,  it  would  be  easier  for  a  terrorist  to  build  an  ILS 
spoofer  to  lead  the  aircraft  into  the  ground  someplace  else  without 
the  aircraft  knowing  that  it  was  on  an  erroneous  signal.  GPS  is 
fail-safe  in  that  manner. 

Another  issue  on  the  integrity  side.  If  we  want  integrity,  we  have 
heard  people  talk  about  adding  GLONASS.  The  real  issue  is  to  add 
six  more  GPS  satellites.  That  would  completely  eliminate  the  integ- 
rity problem  as  an  issue. 

Lastly,  I  quote  Aviation  Daily.  They  said  that  GPS  will  save  the 
FAA  millions  of  dollars.  I  would  amend  that  and  say  it  would  be 
hundreds  of  millions  of  dollars.  The  only  question  is  when. 

We  have  had,  I  think  in  the  last  two  years,  a  dramatic  turn- 
around in  the  position  of  the  FAA  and  the  support  of  the  FAA.  I 
have  been  with  GPS  for  15  years,  and  in  the  first  13  of  those  it 
was  like  pushing  a  rope.  But  the  position  and  attitude  of  FAA  in 
the  last  two  years  with  both  Mr.  Pozesky  and  Mr.  Broderick  and 
the  satellite  program  office  with  Joe  Dorfler,  has  been  supportive 
and  we  have  been  getting  veiy  good  support  from  them. 

On  the  last  point,  I  would  like  to  comment  about  the  issue  of 
funding. 

There  has  been  a  lot  of  questions  about  where  the  funding  is 
going  to  come  from.  There  are  huge  FAA  savings.  You  saw  the  rack 
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of  equipment  that  Mr.  Ferguson  had.  Behind  each  one  of  those 
black  boxes  is  an  FAA  department  to  make  sure  that  it  works 
right,  it  is  tested  right,  it  is  certified  right.  And,  by  bringing  in 
GPS,  there  will  be  huge  FAA  savings.  He  was  generous  in  offering 
the  industry  to  pay  for  the  cost  of  the  GPS,  the  $300  million  to 
$500  million  a  year. 

I  would  like  to  point  out  that  the  aviation  industry  will  be  a  3 
percent  user  of  GPS,  and  so  there  is  a  lot  of  other  benefits  that 
need  to  be  looked  at.  And  by  taxing  the  U.S.  industry  you  put  the 
U.S.  industry  at  a  disadvantage  vis-a-vis  the  foreign  carrier.  So 
that  is  really  not  the  right  solution  in  the  long  term.  We  ought  to 
look  for  cost  savings  rather  than  revenue  generation. 

If  we  can  move  up  the  GPS  decision  a  year,  we  will  save  far  more 
than  the  cost  for  a  year.  We  need  to  treat  GPS  as  a  utility — an  in- 
formation utility  for  the  nation.  We  need  to  take  advantage  of  this 
utility  while  we  have  the  lead  and  not  wait  for  international  orga- 
nizations to  catch  up.  We  need,  with  our  leadership  in  that,  to  take 
advantage  of  it  and  do  it  now.  The  pressure  needs  to  be  main- 
tained. 

So  I  will  entertain  any  questions  when  the  time  is  appropriate, 
Mr.  Chairman. 

Mr.  Oberstar.  Thank  you  very  much. 

Mr.  McCleary.  Mr.  Chairman  and  Members  of  the  subcommit- 
tee, my  name  is  Chris  McCleary.  I  am  Vice  President  of  Marketing 
and  Sales  for  American  Mobile  Satellite  Corporation,  and  we  are 
honored  to  be  part  of  this  process  today. 

And  I  can  also  say  that  we  are  honored  to  be  a  part  of  a  panel 
with  two  what  we  think  are  world-class  manufacturers,  Collins  and 
Trimble. 

Unlike  earlier  subject  material  presented  today,  we  are  here  to 
explain  a  new  commercial  satellite  project  that  will  benefit  the 
aeronautical  industry.  The  AMSC  satellite  system  will  provide  sat- 
ellite-delivered voice  and  data  communications,  in  some  cases  com- 
plementary to  GPS,  but,  more  to  the  point,  to  extend  capacity  and 
functionality  to  the  airline  industry. 

AMSC  is  the  entity  licensed  by  the  Federal  Communications 
Commission.  We  received  our  license  in  1989.  We  are  licensed  to 
construct  and  launch  and  operate  a  mobile  satellite  service  for  the 
United  States.  We  are  authorized  to  launch  three  geostationary 
satellites,  and  next  year  we  will  laimch  our  first  satellite  as  part 
of  that  system. 

The  FCC  authorization  specifically  includes  permission  for  us  to 
provide  aeronautical  services  and  the  provision  of  aeronautical 
safety  services  as  part  of  our  license. 

AMSC's  owners  include — and  it  is  quite  a  group— GM/Hughes 
Electronics,  General  Dynamics,  McCaw  Cellular  Communications, 
LIN  Broadcasting,  MTEL  and  others,  and  to  date  we  have  raised 
and  funded  $375  million  towards  the  half  a  billion  dollar  commer- 
cial project. 

It  is  interesting  to  note  that  all  of  these  companies  except  Gen- 
eral D3mamics  initially  submitted  an  application  for  the  sole  li- 
cense, and  the  FCC  wanted  to  speed  the  process  to  bring  the  serv- 
ices to  the  public  and  therefore  created  a  consortium.  And  we  have 
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benefited  from  the  S3mergie8  from  these  fine  companies;  our  own- 
ers. 

When  our  satellites  launch,  we  will  have  over  2,000  voice  chan- 
nels covering  North  America  to  provide  mobile  communication  serv- 
ices to  \snd,  mobile,  maritime  and  land  aeronautical  users.  In  addi- 
tion to  these  uses,  we  are  also  licensed  to  provide  regular  phone 
service  to  those  remote  rural  areas  that  are  unable  to  secure  wired 
phone  service. 

Now,  in  addition  to  providing  aeronautical  services,  we  are  going 
to  provide  vital  communication  services  to  public  safety,  fire,  police 
and  ambulance  services  in  remote  areas.  We  are  already  working 
with  the  FBI  and  DEA  to  provide  these  services.  We  will  service 
the  interstate  transportation  industry  with  seamless  voice  commu- 
nication for  trucks,  barges,  commercial  ships,  all  freight,  all  travel- 
ing within  North  America. 

Although  our  license  is  for  the  United  States  and  our  protector- 
ates, our  technical  coverage  is  the  entire  continent  of  North  Amer- 
ica. This  half  a  billion  dollar  project  is  strengthening  the  American 
economy. 

We  have  selected  Hughes  Aircraft  Company  to  manufacture  the 
$125  million  satellite.  General  Dynamics  is  providing  launch  serv- 
ices. And  Westinghouse  Electronic  Systems,  a  world  leader  in  air 
traffic  systems,  will  build  our  ground  services,  avionics  and  mobile 
telephone  systems. 

Upon  the  launch  and  deployment  of  the  AMSC  system,  the  aero- 
nautical industry  will  benefit.  We  will  be  able  to  provide  ATC, 
APC,  AAC,  AOC  and  air  passenger  communications  to  both  air 
freight,  ATA  fleets,  as  well  as  to  general  aviation. 

The  AAC  and  APC  services  will  be  provided  immediately  upon 
launch  through  our  standard  ground  segment  facilities  and  avionics 
being  constructed  by  our  business  partner,  Westinghouse.  ATC  and 
AOC  services  and  safety  services,  however,  will  require  specialized 
ground  segment  facilities,  and  we  are  currently  working  with  exist- 
ing service  providers  such  as  IDB  Aeronautical  and  A^INC  to  de- 
velop these  specialized  facilities. 

We  have  also  a  very  special  product  that  we  are  going  to  be 
bringing  to  the  individual  airlines.  We  have  the  capability  of  pro- 
viding individual  airlines  with  private  networks — private  voice  and 
data  networks — using  satellite-based  technology. 

Mr.  McCleary.  Pursuant  to  our  FCC  requirement  of  our  license 
we  are  also  obligated  and  we  assume  the  responsibility  for  provid- 
ing preemptive  access  for  all  area  nautical  users  for  this  shared 
satellite  system.  We  will  reserve  pools  of  channels  for  those  serv- 
ices and  draw  upon  those  channels  as  needed. 

This  creates  the  ability  to  share  a  very  expensive  satellite  system 
for  multiple  uses  yet  allowing  the  areanautical  community  to  be  as- 
sured that  the  satellite  service  provider  in  the  U.S.  provides  prior- 
ity and  preemptive  access. 

So  in  closing  we  are  extremely  enthusiastic  about  being  the  U.S. 
provider  of  satellite  services  for  the  areanautical  community  and 
we  know  that  towards  the  end  of  the  century,  satellites  can  play 
a  major  role  in  providing  cost-effective  additional  capacity  and 
functionality  to  the  U.S.  areanautical  industry  and  thank  you  very 
much. 
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Mr.  Oberstar.  Thank  you  very  much  Mr.  McCleary  for  your  tes- 
timony and  which  I  read  prior  to  your  presentation  and  which  cer- 
tainly underscores  the  significance  of  the  technology  and  the  impor- 
tance to  aviation  and  to  users. 

Mr.  Oberstar.  I  am  concerned  that  we  have  heard  again  and 
again  that  there  is  no  master  plan  developed  by  FAA,  at  least  no 
perceived  master  plan  on  the  part  of  users,  manufacturers,  system 
operators,  air  traffic  controllers  and  the  FAA  said  we  do  have  a 
master  plan,  we  are  proceeding  with  it.  And  yet  the  perception  is 
there  isn't  one. 

It  seems  to  me  that  we  need  to  imderstand  the  terms  and  under- 
stand each  and  perhaps  bringing,  as  I  have  suggested  earlier, 
bringing  all  of  the  participants,  everybody  who  has  an)rthing  to  do 
with  global  positioning  satellites  together  in  a  single  conference 
and  in  getting  these  matters  resolved  would  be  very  important  to 
the  future  of  this  system,  and  make  sure  that  everyone  is  singing 
from  the  same  hynm  book  or  reading  from  the  same  page,  however 
you  want  to  describe  it. 

Mr.  Mineck,  your  advice  is  don't  keep  changing  the  software.  It 
is  very  costly  and  there  is  always  this  temptation,  you  know,  Mr. 
dinger  and  I  have  been  sitting  on  committees  together  for  the  past 
11  years.  Before  that,  on  economic  development  issues,  but  aviation 
technology  issues,  particularly  the  last  11  years,  again  and  whether 
it  is  the  manufacturers,  the  users,  the  air  traffic  controllers,  what- 
ever the  technology  is,  technology  in  this  field  is  so  exciting  and  de- 
veloped so  rapidly  and  has  so  many  potentials,  once  it  is  developed, 
that  everybody  has  a  new  bell  or  whistle,  tweeter,  or  woofer  that 
they  want  to  add  to  it,  and  we  have  heard  this  again  and  again, 
well  it  is  great  to  have  it  in  black  and  white,  can't  you  put  it  in 
color. 

Of  course  we  can  do  that.  It  has  a  little  additional  cost  and  an- 
other six  months,  yes,  we  can  do  that  thing  and  add  that  capability 
to  it  and  you  keep  refining  and  perfecting  and  gilding  the  lily  until 
it  is  no  longer  a  lily.  Proceed  with  something,  stick  with  a  plan,  get 
it  into  operation,  perfect  it  later. 

Isn't  that,  Mr.  dinger,  wouldn't  you  say  that  that  is  kind  of  our 
experience  and  a  pattern? 

Mr.  Clinger.  Yes. 

Mr.  Oberstar.  And  I  think  that  is  advice  well  offered. 

I  am  concerned  also  by  your  comment  and  the  comments  of  pre- 
vious witnesses  that  the  approach  to  this  system  is  too  fragmented, 
that  you  have  FAA,  airlines,  pilots,  air  traffic  controllers.  You  have 
the  international  community,  everybody  is  looking  at  this  from  a 
different  perspective  and  at  the  outset  when  I  was  preparing  with 
staff  for  this  hearing,  it  certainly  looked  like  here  is  something  ev- 
erybody is  on  board. 

Everybody  is  singing  from  the  same  page  on  this  issue  and  the 
more  you  aig  into  it,  the  more  you  find  that  there  is  this  frag- 
mentation, and  we  need  to  pull  everybody  together.  Is  that  your 
sense,  is  that  what  you  are  saying? 

Mr.  Mineck.  Yes  basically.  You  know  there  are  a  lot  of  different 
factions.  I  think  one  of  the  factors  is  probably  as  an  industry  we 
haven't  dealt  with  anything  that  is  as  broad  in  perspective  as  what 
we  are  talking  about  here. 
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It  touches  almost  every  piece  of  the  aviation  business,  from  the 
ground  operating  structures  to  the  pilot  operational  procedures,  to 
how  the  airlines  actually  operate  within  their  own  structures  to— 
and  the  corporate  £uid  general  aviation  also  from  that  standpoint, 
and  as  our  aviation  industry  has  evolved  over  the  last  not  very 
many  years,  50  years,  all  those  pieces  have  come  one  at  a  time,  and 
now  we  are  looking  at  something  that  is  suddenly  going  across  all 
of  them  so  all  these  individual  organizations  that  have  run  their 
own  piece  of  the  business  are  being  affected,  and  I  guess  I  would 
promote  within  the  U.S.  we  don't  have  a  very  clear  place  that  that 
all  really  comes  together. 

We  mentioned  the  FAA  not  having  a  plan.  I  honestly  believe 
there  probably  is  the  basic  structure  of  a  fairly  well  thought-out 
plan  but  it  comes  forward  in  four  or  five  different  pieces.  It  comes 
forward  as  an  operations  piece,  as  a  certification  piece,  as  a  stand- 
ard. There  is  not  really  anjrthing  that  pulls  it  all  together  so  you 
can  sit  back  as  an  industry  and  say,  oh,  now  I  see  what  is  going 
on  because  we  have  a  dialogue  and  a  meeting  and  a  set  of  discus- 
sions on  one  particular  area.  And  then  we  will  have  another  meet- 
ing and  it  will  be  like  they  are  completely  disconnected  because 
they  have  a  different  set  of  timings  and  priorities  and  for  this  part 
of  what  is  happening  in  the  ground  swell  is  coming  from  the  indus- 
try, and  I  will  give  the  industry  a  lot  of  credit  because  we  are  not 
willing  to  sit  back  and  wait  for  all  this.  So  there  is  a  lot  of  individ- 
ual things,  with  the  airlines,  we  are  going  to  prove  that  we  can 
save  money  by  doing  this  one  little  piece  of  the  problem  and  I  am 
going  to  go  do  that  piece  because  I  can  save  a  lot  of  money  for  my 
airline.  We  heard  that  from  Mr.  Ferguson  this  morning  and  he  is 
willing  to  do  that  and  that  is  not  really  the  right  answer  all  along 
and  I  am  not  promoting  that  we  wait,  but  we  have  to  see  how  these 
pieces  fit  together  or  we  will  end  up  putting  equipment  and  serv- 
ices in  that  in  two  or  three  years  are  going  to  change. 

I  would  contend  it  won't  take  us  very  long  to  get  that  plan  to- 
gether because  of  the  huge  amount  of  work  that  has  been  done,  but 
some  kind  of  a  forum  is  needed  that  will  bring  this  together  at  a 
little  higher  level.  Through  your  committee,  through  maybe  the  re- 
view you  suggested  our  meeting,  but  we  need  a  decision-making 
body  that  can  take  these  issues  and  pick  a  path  and  say  this  is  our 
national  plan,  this  is  where  we  are  going  and  we  are  going  to  work 
with  Europe  £ind  the  other  people  that  are  influenced  here. 

Mr.  Oberstar.  Of  all  the  technology  that  I  have  observed  in  the 
field  of  aviation  in  the  years  that  I  have  been  associated  with  it, 
nothing  has  excited  the  imagination  as  much  as  the  GPS.  It  lit- 
erally has  the  industry  users,  the  airlines  salivating  to  put  it  in 
practice  and  to  realize  the  benefits  from  it. 

I  think  clearly  the  air  traffic  controllers  are  excited  about  a  new 
tool  and  a  new  dimension  to  their  work.  The  manufacturers  are  ex- 
cited about  their  potential  at  producing  something  that  is  really 
such  a  bre£ik  through  technology  that  gives  us  a  leg  up  in  the 
whole  world. 

FAA  is  excited  about  moving  the  United  States  a  generation 
ahead  of  the  rest  of  the  world  and  yet  there  are  these  Gremlins  in 
this  system  that  threaten  to  stall  it  in  ways  that  we  have  already 
heard  about  today. 
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It  is  too  important  a  point  in  the  evolution  of  aviation  not  to 
wrap  it — ^wrap  around  it  a  clear  and  decisive  program  to  move 
ahead  at  the  quickest  possible  pace  to  bring  everybody  together  on 
it  in  one  forum. 

Mr.  dinger,  thank  you  for  being  so  patient  throughout  this  long 
day,  I  say  to  my  colleague. 

Mr.  Clinger.  It  is  a  fascinating  hearing.  It  has  really  been  one 
of  the  more  interesting  ones  we  have  held  for  a  long  time.  As  you 
say,  the  potential  for  what  we  are  talking  about  here  is  so  enor- 
mous in  terms  of  just  so  many  areas  that  is  going  to  mean  so  much 
to  this  country. 

I  think  your  point  about  we  need  to  proceed  full  speed  ahead,  not 
wait  for  a  total  agreement  or  total  coordination  for  this  thing  be- 
cause I  think  ultimately  we  are  so  far  ahead  now  that  ultimately 
people  are  going  to  have  to  fall  in  line.  That  is  going  to  be  the  re- 
sult of  this. 

I  just  had  one  final  question.  To  what  extent  could  the  potential 
benefits  of  GPS  in  your  view  be  threatened  if  we  are  not  able  to 
meet  the  precision  landing  requirements  of  say  of  Category  Two  or 
Category  Three.  Do  you  think  it  is  going  to  be  possible  to  meet  the 
standards  for  Category  Two  and  Category  Three  and  if  not,  what 
does  that  do?  Does  that  diminish  the  potential  for  GPS  signifi- 
cantly or  not? 

Mr.  EscHENBACH.  I  would  be  glad  to  answer  that  Mr.  Clinger. 
Certainly  we  at  Trimble  have  been  building  surve5ring  systems  that 
can  address  to  the  centimeter  level  already  and  it  is  only  a  matter 
of  time  before  that  capability  is  in  the  cockpit,  so  I  am  convinced 
that  Category  Two  and  Category  Three  will  be  achievable  with 
GPS,  there  is  not  a  doubt  in  my  mind. 

But  to  answer  your  question,  if  they  weren't,  is  that  a  detriment 
to  the  system  and  does  that  in  some  way  invalidate  the  system. 
The  answer  is  absolutely  not.  Category  One  level  approaches  if  we 
could  just  get  them  into  the  rest  of  the  airports  that  are  currently 
there  that  have  no  approaches  or  only  noninstrument  approaches 
that  in  itself  would  justify  the  entire  system. 

Mr.  Clinger.  I  think  somebody  testified  to  that,  the  vast  number 
of  these  are  Category  One. 

Mr.  EscHENBACH.  Yes.  Absolutely  we  have  very  few  Category 
One,  Two,  or  Three  airports  in  the  United  States.  Out  of  the  5,000 
airports,  only  about  1,000  have  approaches  at  all  and  it  is  well 
below  100  that  have  Category  Two  and  Three  approaches.  To  get 
Category  One  to  the  rest  of  the  country  would  be  a  tremendous 
boon. 

Mr.  Clinger.  But  your  view  we  can  achieve  those. 

Mr.  ESCHENBACH.  Absolutely,  that  will  happen.  I  am  convinced 
that  will  happen. 

Mr.  MiNECK.  I  would  share  that  same  view.  From  a  technical 
viewpoint,  we  have  done  enough  testing  to  feel  that  GPS  will 
achieve  the  accuracies  that  are  needed,  no  automatic  landing.  We 
need  to  keep  in  perspective  that  we  have  been  doing  Category 
Three  landings  only  25  years  ago  in  the  world.  And  the  ILS  sys- 
tems we  had  25  years  ago  were  not  as  good  compared  to  today  and 
they  were  probably  not  as  good  as  we  have  available  in  GPS  today. 
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My  background  happens  to  be  all  weather  automatic  landing  sys- 
tems as  a  technical  specialty  and  from  the  dialogue  we  have  had 
so  far,  I  think  if  we  look  at  the  problem  from  the  right  aspect,  it 
will  be  fairly  straightforward  to  solve  and  we  will  get  there,  and 
I  also  concur  with  the  observations  that  there  is  so  much  to  be 

fained  from  GPS  even  if  we  don't  do  Category  Two  or  Category 
hree  that  we  should  keep  going. 

Mr.  Clinger.  Go  forward. 

Mr.  MiNECK.  Absolutely. 

Mr.  Clinger.  On  the  jamming  issue  you  indicated  it  is  a  failsafe 
system  in  terms  of  landings  because  it  will  give  you  a  "we  cannot 
compute"  warning  and  therefore  abort  the  landing. 

Wnat  about  just  general  navigation  with  the  system?  Is  the  pos- 
sibility to  jam  it  and  have  a  Korean  Air  scenario  that  sort  of  gets 
you  off  course? 

Mr.  ESCHENBACH.  You  have  got  to  distinguish  between  jamming 
and  spoofing  which  are  two  distinct  scenarios.  The  GPS  is  very  dif- 
ficult to  spoof  and  it  requires  a  lot  of  power,  a  lot  of  sophistication, 
and  it  is  very  tough  to  spoof  it.  Jamming  is  a  little  easier  but  in 
a  jamming  environment,  it  jams  the  failsafe  so  even  in  the  en  route 
environment  it  will  jam  in  a  safe  manner. 

Mr.  Clinger.  So  you  would  have  redundancy. 

Mr.  EsCHENBACH.  Yes,  and  in  my  years  of  flying  GPS,  I  have 
never  had  a  jamming  incident  that  even  occurred,  much  less 
caused  a  problem. 

Mr.  Clinger.  Right.  Gentlemen,  thank  you  very  much. 

Mr.  Oberstar.  I  want  to  thank  you  for  your  contribution  today 
and  for  your  work  in  bringing  us  to  this  system,  the  companies  that 
you  represent,  that  is,  and  for  your  insights  into  GPS  and  its  value 
to  aviation. 

And  I  certainly  want  to  compliment  the  FAA  on  the  tremendous 
work  accomplished,  being  ahead  of  curve,  as  they  have  done.  They 
certainly  worked  vigorously  on  an  exciting  technology  and  as  in  ev- 
erything and  in  everything  human,  there  are  areas  where  more  can 
be  done  and  a  better  job  can  be  done,  and  we  have  it  within  the 
capability  and  this  is  to  me,  Mr.  Clinger,  I  would  say  a  case  where 
everybody  wants  the  program  to  succeed  and  everybody  wishes  it 
well  and  wants  to  do  the  right  thing.  So  I  think  that  is  a  matter 
of  getting  everyone  together  and  doing  so. 

And  in  the  performance  for  today's  hearing  there  was  a  splendid 
display,  which  can't  be  entered  into  the  record  because  it  is  tech- 
nology, pieces  of  equipment  that  glowed  in  the  dark  and  in  the 
light  and  demonstrate  how  this  system  works,  and  I  want  to  thank 
Joe  Orflin  from  the  FAA  and  others  of  the  FAA  satellite  office  for 
the  displays  presented  here  in  the  committee  hearing  room  that 
very  tangibly  demonstrated  to  the  Members  and  to  the  visiting 
public  the  great  contribution  that  GPS  can  make  to  aviation,  is 
making  to  aviation,  and  of  course  what  a  great  contribution  it  was 
to  our  hearings. 

This  is  a  matter  which  we  shall  continue  to  pursue  in  direct  and 
indirect  ways,  and  we  have  had  a  very  enlightening  insight  today 
into  the  future  of  aviation. 

The  subcommittee  stands  adjourned. 

[Whereupon,  at  4:19  p.m.,  the  subcommittee  was  adjourned.] 
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Mr.  Chairman  and  members  of  the  Subcommittee,  my  name  is  John  Beukers.  I 
appreciate  being  given  the  opportunity  to  appear  before  you  today  to  present  views  of  an 
independent  consultant  engaged  in  matters  concerning  the  implementation  and  use  of 
worldwide  radio  aids  to  navigation.  This  has  been  my  professional  discipline  for  close  to 
40  years  and  it  has  provided  me  with  experiences  relevant  to  introducing  satellite 
technology  into  the  inventory  of  aviation  navigational  tools.  In  recent  years  I  have 
devoted  much  of  my  time  in  efforts  to  help  realize  the  potential  of  satellite  navigation.  I 
hope  my  comments  will  be  helpful  to  the  Subcommittee  deliberations. 

Past  experience  has  shown  that  to  introduce  a  new  navigation  technology  is  a 
lengthy  process  spanning  decades.  Not  only  does  the  technology  have  to  be  evaluated  for 
its  suitability  to  meet  requirements  but  the  standards,  procedures  and  certification  for  its 
use  must  be  in  place.  Moreover,  in  the  case  of  systems  that  involve  the  international 
community,  a  dialogue,  negotiations,  formulations  and  signing  of  constitutionally 
acceptable  international  agreements  must  be  accomplished.  It  is  only  after  this 
administrative  effort  has  been  completed  that  a  stable  market  for  equipment  evolves, 
private  sector  investment  commences  and  benefits  accrue. 

Satellite  technology  is  following  this  path  with  one  notable  exception.  Whereas  in 
the  past  we  have  seen  system  use  and  markets  for  equipment  evolve  following  the 
completion  of  administrative  procedures,  in  the  case  of  satellite  positioning  and 
navigation,  the  reverse  is  taking  place.  Aided  by  promotion,  this  space  age  technology 
has  caught  the  imagination  of  the  public,  the  airlines  and  other  aviation  users,  government 
agencies,  the  international  community  -  the  list  is  endless.  We  are  told  that  we  must  have 
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this  capability  now  and  we  find  ourselves  in  a  situation  that  can  best  be  described  as 
euphoric.  In  fact  we  have  created  somewhat  of  a  dilemma  with  a  technology  being 
driven  by  market  forces  and  user  expectations  rather  than  requirements. 

This  is  particularly  true  with  respect  to  aviation.  The  positioning,  navigation, 
communications  and  control  requirements  for  aviation  are  unique  for  safety  reasons  and 
require  the  formality  of  detailed  operating  procedures  and  specifications.  Further,  the 
international  nature  of  air  travel  demands  standardization  to  ensure  that  aircraft  avionics 
and  ground  facilities  have  a  commonality  throughout  the  world. 

There  are  many  outstanding  issues  that  must  be  resolved  before  we  even 
contemplate  certifying  satellite  positioning  technology  as  the  primary  means  of 
navigation  for  aviation  use  and  decommissioning  existing  facilities.  I  have  addressed 
these  issues  extensively  and  presented  my  findings  at  various  professional  society 
meetings  over  the  last  three  years.  Included  with  my  testimony  (Attachment  A)  is  the 
last  paper  in  this  series  presented  to  the  Institute  of  Navigation  at  its  annual  meeting  held 
in  June  of  1993  entitled  Administrative  Procedures  and  Agreements  Governing  Global 
Radionavigation.  The  material  is  included  because  it  seems  very  relevant  to  this  hearing. 

It  is  fortunate  that  we  in  the  United  States  have  procedures  and  laws  in  place  that 
must  be  followed  to  implement  an  international  system  of  radionavigation  and  that  we 
have  the  International  Civil  Aviation  Organization  (ICAO)  to  oversee  the  standardization 
process  and  the  development  of  procedures.  While  these  administrative  hurdles  are  seen 
by  some  as  hindering  progress  and  preventing  the  immediate  introduction  and  use  of 
satellite  positioning  technology,  they  have  been  established  to  ensure  a  long-term  safe 
and  stable  global  airspace  environment  and,  in  my  opinion,  must  be  respected. 

Until  the  United  States  and  the  international  community  agree  upon  an 
internationally  operated  and  funded  system,  the  only  satellite  positioning  system  that  is 
close  to  operational  status  is  the  United  States  Global  Positioning  System  (GPS)  with  the 
Commonwealth  of  Independent  States  (CIS)  Global  Navigation  Satellite  System 
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(GLONASS)  in  the  wings  with  a  questionable  operational  date.  I  will  therefore  focus  my 

testimony  on  issues  related  to  the  United  States'  GPS. 

Cost 

At  the  top  of  the  list  of  issues  to  be  resolved  is  cost,  cost  sharing,  and  cost 
recovery.  From  the  civil  perspective  GPS  is  a  very  expensive  system.  Its  annual  direct 
operating  cost  is  $500  -  $600  million  according  to  a  GAO  study  of  Defense  Satellite 
Programs  and  Launch  Activities  done  in  June  of  1990  (GAO/NSLAD-90-154FS  June 
90).  The  findings  are  detailed  on  page  6  of  Attachment  A.  This  figure  does  not  include 
indirect  costs,  the  cost  of  augmentation  satellites  and/or  terrestrial  augmentation  and 
communications  necessary  for  GPS  to  meet  the  stringent  requirements  of  aviation. 

GPS  direct  and  indirect  costs  can  be  categorized  as: 

Replenishment  space  vehicles 
Replenishment  launch  vehicles 
Launch  and  range  support 
Operational  control  and  maintenance 
Supporting  software  maintenance 
Support  infrastructure  depreciation 
System  administration 
Augmentation  satellites 
Land-based  augmentation 
Local  monitoring 
Communications 
User  information  network 

The  cost  is  considerably  higher  than  it  need  be  due  to  the  military  mission, 
defense  procurement  activities  and  hardware  carried  on  the  satellites  that  is  irrelevant  to 
positioning. 

The  realization  of  any  significant  cost  savings  by  phasing  out  existing  systems  is 
perhaps  10  years  away  and  some  even  challenge  the  wisdom  of  a  non-redundant,  single 
satellite  system  for  aviation  navigation. 
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The  United  States  has  made  commitments  to  the  world  that  it  will  unilaterally 
finance  GPS  for  10  or  15  years  and  more  recently  has  made  this  open-ended  by  making 
the  time  limit  "the  foreseeable  future".  It  follows  that  no  cost  recovery  is  contemplated 
from  the  international  community. 

One  must  conclude  that  civil  satellite  navigation  will  either  continue  to  be 
subsidized  by  the  United  States  Government,  the  Department  of  Defense  (DOD),  the 
Department  of  Transportation  (DOT)  or  an  additional  burden  of  cost  will  have  to  be 
borne  by  the  civil  community  and  users. 

Key  questions  are:  who  pays,  who  benefits,  and,  in  the  long  term,  who  shares  the 
cost  when  the  Department  of  Defense  turns  to  an  alternate  system  for  its  positioning  and 
navigation  requirements?  In  my  view  we  should  be  looking  at  an  internationally  operated 
and  funded  system  that  takes  the  burden  of  total  cost  off  the  United  States  taxpayer. 
Dichotomy  of  Purpose 

Perhaps  the  most  difficult  issue  to  resolve  is  the  dichotomy  of  purpose  between 
the  Department  of  Defense's  requirements  for  national  security,  protecting  United  States 
international  interests,  and,  on  the  other  hand,  meeting  the  stringent  safety  requirements 
of  civil  aviation.  The  Department  of  Defense  has  clearly  stated  its  intent  to  retain  the 
restriction  on  the  high  accuracy  transmission  of  GPS  on  the  grounds  that  a  potential 
aggressor  to  United  States  interests  could  use  the  transmission  for  weapon  targeting  and 
delivery  and  deny  the  United  States  its  advantage.  For  civil  use  the  transmissions  are 
deliberately  scrambled  to  introduce  errors  of  position.  However,  the  high  accuracy  signal 
is  legitimately  required  by  users  throughout  the  world  and,  in  particular,  by  the  aviation 
community  in  any  terminal  area  navigation.  The  result  has  been  a  proliferation  of 
localized  receiving  and  communication  systems  that  transmit  corrections,  thereby 
negating  the  Defense  Department's  objective.  To  improve  GPS  performance  over  a  wide 
area,  as  opposed  to  local  corrections,  aviation  interests  are  proposing  and  adopting 
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additional  satellite  transmissions  to  overcome  the  effects  of  the  deliberate  performance 
degradation. 

Various  E>efense  Department  interests  are  genuinely  concerned  about  the  global 
proliferation  of  these  systems,  in  particular,  any  wide  area  attempts  at  restoring  the 
inherent  GPS  accuracy.  As  a  result,  the  DOD  may  fmd  it  necessary  to  take  action  to  re- 
establish its  initiative.  However,  without  the  high  accuracy  signals,  GPS  will  be  of  little 
value  in  the  terminal  area  for  aviation  navigation. 

System  misuse  has  to  be  addressed  at  the  international  level  through  the  United 
Nations  so  that  such  action  can  be  condemned  in  the  Security  Council  and  appropriate 
remedies  imposed,  however,  the  potential  of  system  misuse  should  not  become  the  reason 
for  denial  of  an  important  and  beneficial  technology.  International  cooperation  will  be 
required. 
Technical  Issues 

GPS  was  not  intended  to  meet  the  full  requirements  of  civil  aviation  but  it  is  now 
being  applied  to  do  so.  This  gives  rise  to  a  number  of  technical  issues  that  are  receiving 
intensive  study  both  in  the  United  States  and  overseas. 

There  is  a  need  for  a  civil  signal  specification  which  must  include  a  definition  of 
the  number  of  satellites  that  constitute  an  operational  constellation  together  with  the 
probability  of  signal  availability.  Further,  the  source  of  system  status  information  for 
civil  operation  must  become  the  responsibility  of  the  agency  controlling  the  system 
operation. 

The  GPS  constellation  of  21-24  satellites  requires  various  forms  of  augmentation 
from  the  ground  or  additional  satellites  to  meet  the  high  integrity,  reliability  and 
availability  requirements  of  aviation.  Of  particular  importance  is  the  signal  integrity  in 
the  terminal  area  during  the  final  phases  of  flight.  At  this  time  the  number  of  satellites  in 
view  and  operational,  masking  by  hills  and  local  structures  and  interference,  both 
intentional  and  unintentional,  are  critical.  It  has  to  be  recognized  that  the  GPS  or  any 
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satellite  navigation  signal  is  extremely  weak  and  in  this  respect  is  vulnerable  to 
interference. 

The  issues  of  intentional  jamming  of  GPS  being  employed  for  the  landing  phase 
of  flight  has  been  raised  but  is  generally  dismissed  on  the  grounds  that  there  is  no 
historical  precedence  for  this.  In  my  opinion  this  possibility  should  be  given  more  careful 
consideration.  It  is  very  difficult  to  jam  an  Instrument  Landing  System,  the  signal  levels 
are  high  and  increase  in  an  aircraft's  receiver  upon  approach  to  the  runway.  In 
comparison,  the  low  level  GPS  satellite  signal  does  not  change  in  amplitude  during 
approach.  It  is  relatively  easy  to  jam  a  weak  navigation  satellite  signal  from  several  miles 
off  with  a  small  transmitter  as  has  been  demonstrated  by  an  investigation  made  by  the 
Defense  Research  Agency  (U.K.)  under  a  project  for  the  Civil  Aviation  Authority  (CAA 
U.K.)  {A  Review  of  the  Interference  and  Jamming  Resistance  ofSPS  SPG  Receivers  for 
Aviation,  May  1992.) 

Resolution  of  these  technical  system  design  issues  and  an  assessment  of  the  threat 
of  deliberate  interference  have  to  be  made  to  the  satisfaction  of  those  responsible  for  the 
safety  of  air  travel. 
International  Agreements 

Bringing  satellite  positioning  technology  into  the  United  States  national  airspace 
is  complicated  by  the  satellite  system's  global  coverage.  The  United  States  can  make  a 
unilateral  decision  to  employ  GPS  in  its  national  airspace  but  the  full  benefit  to  aviation 
will  only  be  derived  through  international  acceptance.  The  airline  industry  would  be 
penalized  if  its  aircraft  were  obliged  to  carry  a  multiplicity  of  avionic  equipment  to 
interface  with  different  ground  facilities  at  airports  around  the  world. 

Unlike  systems  such  as  the  Very  high  frequency  OmniRange  (VOR),  Instrument 
Landing  System  (ILS),  or  Microwave  Landing  System  (MLS),  orbiting  satellite 
navigation  transmissions  extend  beyond  territorial  boundaries  and  national  airspace.  The 
transmissions  can  be  employed  by  operators  remote  from  and  not  necessarily  associated 
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with  the  service  provider.  The  service  provider  has  no  indication  of  who  is  using  the 
system  and  has  no  control  over  the  system's  use  other  than  to  scramble  the  transmissions 
or  remove  them  from  service.  We  must  accept,  therefore,  that  we  are  dealing  with  the 
global  airspace  and  international  use  and  be  prepared  to  address  the  implications. 
It  is  generally  recognized  that  for  safety  and  a  smooth  transition  between 
airspaces,  radio  aids  to  navigation  employed  by  any  form  of  transportation  traveling  from 
one  nation  to  another  require  a  guarantee  of  availability,  performance  and  commonality 
of  specification.  This  calls  for  international  cooperation  to  reach  a  consensus  and  to  enter 
into  appropriate  agreements.  For  aviation  over  the  past  50  years  this  procedure  has  been 
relatively  straightforward  and  has  been  performed  by  the  ICAO.  In  the  case  of  VOR, 
ILS,  and  MLS,  once  the  performance  had  been  proven  to  meet  an  established  set  of 
operational  requirements,  it  was  a  relatively  simple  matter  for  the  ICAO  Air  Navigation 
Council  to  act  on  the  recommendation  to  adopt  the  systems  and  mandate  their  use.  Each 
member  nation  is  then  responsible  for  installation,  operation,  and  maintenance  and  all  the 
associated  costs.  It  is  left  to  the  individual  nation  to  define  a  cost  recovery  policy  and 
enact  legislation  for  the  collection  of  fees  and  charges  if  this  is  deemed  necessary. 

The  advent  of  global  navigation  has  added  a  new  dimension  as  has  been 
demonstrated  by  the  Omega  and  Loran-C  terrestrial  radionavigation  systems.  The 
international  agreements  between  ttie  United  States  and  other  countries  to  implement  and 
operate  these  systems  provides  precedence  for  international  agreements  covering  satellite 
navigation.    There  are  constitutionally  acceptable  procedures  for  entering  into 
international  radionavigation  agreements  that  have  been  followed  by  those  associated 
with  the  implementation  of  Omega  and  Loran-C.  A  detailed  discussion  of  the  procedures 
pertinent  to  these  systems  is  contained  in  Attachment  A  on  pages  4  and  5.  It  is  my 
experience  that  few  in  the  technical  community,  both  within  the  government  and  in  the 
private  sector,  are  aware  of  and  understand  the  legal  requirements  for  these  procedures. 
The  situation  can  be  rectified  by  better  Gaining  and  educating  the  involved  government 
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officials  and  others  interested  in  the  process.  This  will  help  ensure  that  the  administrative 
effort  receives  an  appropriate  amount  of  attention. 
Ovynership  and  Control 

On  the  premise  that  the  United  States  endorses  global  use  of  satellite  positioning 
technology  for  aviation  and  we  are  not  only  concerned  with  U.S.  airspace,  it  is  imperative 
to  include  the  international  community  in  current  activities  and  long-range  planning.  To 
some  extent  this  is  taking  place  through  ICAO  in  the  All  Weather  Operations  Panel 
(AWOP)  and  the  Future  Air  Navigation  System  Committee  (FANS).  The  issue  of  the 
system  control  and  ownership  and  the  concomitant  issues  of  liability  and  insurance  are  at 
the  top  of  the  international  community's  agenda.  Even  if  we  are  successful  in  the  United 
States  in  landing  aircraft  on  an  operational  basis  using  augmented  GPS,  the  probability  of 
landing  a  400  passenger  aircraft  at  international  airports  around  the  world  using  a  United 
States  DOD  operated  system  is  virtually  zero.  Many  of  these  airports  require  guidance  to 
touchdown  and  the  navigational  aids  to  perform  this  operation  are  covered  by  national 
law;  ownership  is  a  prerequisite. 

It  is  not  realistic  to  expect  the  international  community  to  be  in  any  position  to 
accept  the  United  States  GPS  now  or  in  the  future  as  an  international  standard  system, 
particularly  for  terminal  navigation,  under  the  current  arrangement  of  verbal 
representations  of  ownership  and  control  and  promises  and  commitments  of  continued 
GPS  funding. 

Statements  made  by  United  States  government  representatives  are  treated  with 
some  skepticism  and,  unless  followed  up  by  formal  agreement,  it  seems  more  than  likely 
they  will  be  disregarded.   There  are  grounds  for  this  attitude.  The  United  States  led  the 
initiative  for  getting  the  world  to  adopt  the  Time  Reference  Scaiming  Beam  MLS  through 
ICAO  in  1978.  The  All  Weather  Operations  Panel  of  ICAO  has  substantially  completed 
its  woik  on  the  specification  and  procedures  for  implementing  MLS  and  the  loose  ends 
are  to  be  submitted  at  the  Whole  World  ICAO  meeting  in  1995.  Even  before  the  MLS 
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system  implementation  program  has  started  there  are  voices  in  the  United  States  calling 
for  its  rejection  in  favor  of  developing  a  landing  system  based  upon  GPS.  Meanwhile 
other  nations  are  moving  ahead  with  MLS  implementation. 

Three  years  ago  the  Federal  Aviation  Administration  (FAA)  was  fully  supportive 
of  the  United  States  Loran-C  program  but  now,  with  120,000  -  130,000  General  Aviation 
aircraft  flying  Loran-C,  the  FAA  appears  to  have  all  but  abandoned  the  system  in  favor  of 
GPS,  leaving  a  decimated  industry  and  a  bewildered  public.  Over  five  years  ago  the 
National  Association  of  State  Aviation  Officials  (NASAO),  at  the  FAA's  request, 
submitted  a  list  of  500  preferred  non-precision  airport  approaches  for  Loran-C 
certification.  Because  the  FAA's  resources  are  being  almost  totally  devoted  to  GPS 
development  this  work  has  not  been  completed.  In  fact,  the  125  Loran-C  approaches  that 
Congress  has  directed  the  FAA  to  promulgate  appear  nowhere  near  completion  despite 
this  heightened  Congressional  attention. 

What  happens  after  the  euphoria  surrounding  GPS  subsides  and  DOD  announces, 
as  it  has  done  with  Omega  and  Loran-C,  that  it  no  longer  has  a  need  for  the  system  and 
the  costs  ultimately  have  to  be  borne  by  the  civil  aviation  community? 

The  history  of  prematurely  jumping  from  one  technology  to  another  makes  for 
confusion,  disrupts  markets  and  leads  to  unnecessary  taxpayer  and  user  costs.  This  is  not 
lost  on  the  national  and  international  community.  Ownership  and  control  are  of  serious 
concern  to  the  entire  aviation  (and  other)  communities  and  it  is  an  issue  that  must  be 
given  thoughtful  consideration  in  view  of  the  long-term  ramifications. 
Conclusion 

Positioning  and  navigation  by  satellite  have  considerable  potential  which,  in  my 
opinion,  will  only  be  realized  fully  when  it  is  adopted  formally  in  concert  with  satellite 
communications.  New  specifications,  operational  requirements  and  procedures  will  have 
to  be  formulated  within  the  Panels  and  Committees  of  ICAO  and  recommended  for 


Page  9 


101 


adoption  by  the  ICAO  Air  Navigation  Council  and  an  international  agreement  with  a 
satellite  service  provider  will  be  necessary. 

It  will  probably  take  up  to  10  years  to  conduct  the  administrative  support  work  for 
a  worldwide  satellite  navigation  system.  GPS  should  be  used  as  a  test  bed  during  this 
period  to  determine  the  capabilities  and  limitations  of  satellite  navigation  technology  and 
demonstrate  the  effectivity  of  procedures.  During  this  period  the  United  States  should 
cooperate  with  the  international  community  to  implement  a  World  Satellite  System  that 
would  be  funded,  operated  and  policed  internationally.  Such  a  system  will  cost 
substantially  less  than  GPS  and  will  result  in  internationally  shared  costs  leading  to 
considerable  savings  for  the  United  States  taxpayer  and  aviation  users. 

That  completes  my  testimony.  Thank  you  for  giving  me  the  opportunity  to 
participate  in  this  important  hearing.  I  will  be  pleased  to  respond  to  any  questions  you 
have  for  me. 
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technology  now  used  worldwide  to  track  balloon-borne 
meteorological  weather  probes. 
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radionavigation  discipline.  He  is  a  Fellow  of  the  Royal 
Institute  of  Navigation,  a  member  of  the  IEEE,  the  ION  and 
a  Director  of  the  International  Navigation  Association,  and 
the  Wild  Goose  Association. 

Mr.  Beukers  is  currently  a  consultant  and  writer  on  radi- 
onavigation matters  devoting  much  of  his  time  to  finding  a 
rational  approach  to  realizing  the  potential  of  global  satellite 
navigation  technology. 


ABSTRACT 

Worldwide  radionavigation  systems  in  use  today  have 
evolved  over  the  past  50  years  to  meet  common  national  and 
international  requirements  for  transportation.  This  has  been 
possible  through  the  coordinated  efforts  of  member  states  to 
international  organizations.  Today,  the  apparent  urgency  to 
apply  advancements  in  radiolocation  and  communication 
technology  is  challenging  the  conventional,  slow  but  me- 
thodical, international  administrative  machinery.  In  an  at- 
tempt to  speed  up  the  regulatory  process,  some  nations  and 
organizations  -  driven  by  impatient  special  interests  -  are 
developing  unilateral  initiatives.  This  paper  discusses  the 
mandatory  procedures  that  must  be  followed  under  United 
States  law  to  become  a  signatory  to  an  international  agree- 
ment and  reviews  the  current  international  agreements 
covering  worldwide  radionavigation  systems. 


INTRODUCTION 

During  the  past  few  years,  the  potential  of  radio  positioning 
and  navigation  using  satellite  technology  has  been  demon- 
strated many  times  over  to  the  point  where  some  would 
consider  it  has  been  oversold.  There  is  no  question  as  to  the 
utility  of  satellite  technology  to  a  wide  range  of  applications. 
Technology  enthusiasts,  industry's  marketeers,  users,  and 
even  some  operations  personnel  are  champing  at  the  bit 
waiting  for  the  day  when  satellite  navigation  becomes  a 
certified  operational  reality.  But  in  our  enthusiasm  are  we 
not  overlooking  the  real  but  dull  world  of  legislation  and  ad- 
ministrative procedures? 

From  the  time  that  the  Constitution  of  the  United  States  was 
wriaen  our  legislators  have  wrestled  with  and  passed  laws 
designed  to  provide  an  orderly  society  with  safeguards 
against  the  abuse  of  our  freedom.  Cumbersome  and  irritat- 
ing that  these  laws  may  sometimes  seem,  even  misdirected 
at  times,  we  have  to  accept  that  over  the  years  the  legislative 
branch  of  government  has  done  a  remarkable  job  in  fashion- 
ing the  progressive  society  that  we  in  the  United  States 
currently  enjoy. 

Technological  developments  today  are  taking  place  at  a 
breathtaking  pace  and  many  of  these  have  the  potential  of 
improving  our  quality  of  life.  But  bringing  these  on  line  is 
not  at  all  easy  since  they  must  interface  with  estabhshed  laws 
that  have  evolved  over  the  years  and  will  not  be  changed 
overnight  for  our  convenience.  We  cannot  jusi  ignore  the 
existence  of  regulatory  procedures  for  the  sake  of  expedi- 
ency, for  to  do  so  would  be  counterproductive  to  reaching 
the  end  objective. 

This  paper  presents  some  of  the  pertinent  United  Slates 
legislative  and  administrative  requirements  that  are  a  pre- 
requisite to  establishing  satellite  technology  in  an  interna- 
tional environment.  It  is  the  author's  assessment  that  the 
existence  of  much  of  the  material  presented  here  is  not 
widely  known,  and,  if  it  is,  the  requirements  are  poorly 
understood.  This  is  confirmed  by  internal  agency  memo- 
randa directing  personnel  involved  in  international 
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radionavigalion  affairs  to  become  familiar  wilh  the  manda- 
tory administrative  procedures. 

Of  topical  importance  are  the  current  controversies  over  the 
United  States  Global  Positioning  System  (GPS)  and  the 
international  community'sdesire  10  havecontrol, ownership 
and  funding  of  satellite  radionavigation  technology  under 
the  umbrella  of  an  international  consortium  or  organization. 
Such  a  system  has  been  given  the  name  of  the  Global 
Navigation  Saielliie  System,  or  GNSS. 

WHY  DO  WE  NEED  AGREEMENTS? 

There  are  some  who  take  the  position  that  with  a  full 
constellation  of  24  space  vehicles,  the  United  States  Global 
Positioning  System  is  here,  it's  free,  it  will  satisfy  the 
requirements  of  a  GNSS,  and  the  world  will  simply  latch 
onto  and  use  the  system.  To  this  mind  set  the  need  to  start 
down  the  path  for  an  international  GNSS  and  to  an  interna- 
tional agreement  is  redundant,  onerous,  unappetizing,  and 
even  unnecessary.  With  all  due  respect  to  those  who 
subscribe  to  this  point  of  view,  the  author  suggests  that  it  is 
naive  and  without  precedence.  In  the  longer  term,  if  this 
thinking  is  allowed  to  take  root,  the  formal  use  of  satellite 
technology  for  global  navigation  could  well  be  set  back  10 
or  20  years  and  may  never  achieve  its  potential.  Time  is  not 
on  our  side;  addressing  and  resolving  this  issue  must  receive 
the  highest  priority. 

In  order  to  be  internationally  acceptable,  it  is  generally 
recognized  that  for  safety  and  seamless  navigation,  radio 
aids  to  navigation  employed  by  any  form  of  transportation 
travelling  from  one  state  to  another  require  a  guarantee  of 
availability,  performance  and  commonality  of  specification. 
This  calls  for  international  cooperation  to  reach  a  consensus 
and  to  create  appropriate  agreements.  For  the  past  50  years 
this  procedure  has  been  relatively  straightforward  being 
undertaken  by  international  bodies  such  as  the  International 
Civil  Aviation  Organization  (ICAO),  the  International 
Maritime  Organization  (IMO),  and  the  International  Asso- 
ciation of  Lighthouse  Authorities  (lALA).  The  advent  of 
long-range  and  global  radionavigation  systems  has  intro- 
duced a  new  dimension  of  complexity  to  formulating  work- 
able agreements.  Transmissions  of  these  systems  extend 
beyond  territorial  waters  and  airspace  and  are  used  by  those 
remote  from,  and  not  necessarily  associated  with,  the  pro- 
vider of  the  service.  This  gives  rise  to  issues  of  cost,  cost 
recovery  and  acceptable  cost  sharing;  guaranteed  perform- 
ance and  availability  -  both  short  (10  years)  and  long  term 
(50  years  or  more);  and  the  legal  concerns  of  insurers  and 
others  relating  to  exposure,  liability,  and  responsibility. 

THE  PAST  HAS  BEEN  SIMPLE. 

It  is  important  to  differentiate  between  short-range,  local 
systems  common  to  worldwide  use  and  long-range  systems 
used  globally.  In  the  case  of  local  national  systems,  like  the 
Instrument  Landing  System  (ILS)  and  the  VHF  OmniRange 


system  (VOR),  for  example,  once  the  performance  had  been 
proven  to  meet  an  established  set  of  operational  require- 
ments, it  was  a  relatively  simple  matter  for  the  ICAO 
Council  to  act  on  recommendations  to  adopt  the  systems  and 
mandate  their  use.  Each  member  state  was  then  responsible 
for  installation,  operation  and  maintenance  and  all  the  asso- 
ciated costs.  It  was  left  to  the  individual  slate  to  define  a  cost 
recovery  policy  and  enact  legislation  for  the  collection  of 
dues  if  this  were  deemed  necessary. 

Wilh  the  advent  of  the  global  VLF  Omega  system  and  more 
recently  the  worldwide  long-range  Loran-C  system,  coop- 
eration between  states  providing  the  service  has  become 
necessary  to  ensure  contiguous  signal  coverage,  continuity 
of  service  and  to  receive  international  acceptance.  Opera- 
tional and  logistical  support  agreements  covering  these 
systems  include  sections  relating  to  cost,  cost  sharing  and 
division  of  responsibilities.  This  finds  us  in  the  world  of 
International  Agreements. 


WHAT  CONSTITUTES  AN  INTERNATIONAL 

AGREEMENT? 

Reporting  under  the  Case-Zablocki  Act, 

PubUc  Law  92-403 

For  a  definition  of  what  constitutes  an  international  agree- 
ment we  turn  to  Title  22  of  the  Code  of  Federal  Regulations 
(CFR),  Department  of  Slate,  Subchapter  S.  Under  part  181 
-  Coordination  and  reporting  of  international  agreements, 
paragraph  2:  Significance  of  the  arrangement  provides 
examples  of  arrangements  that  may  constitute  an  interna- 
tional agreement  Example  iv  stales:  agreements  that  "in- 
volve continuous  and/or  substantial  cooperation  in  the  con- 
duct of  a  particular  program  or  activity  such  as  scientific, 
technical,  or  other  cooperation,  including  the  exchange  or 
receipt  of  information  and  its  treatment,  or  the  pooling  of 
data "  may  qualify. 

Further,  under  paragraph  5(e),  Oral  arrangements  "Any 
oral  anangement  that  meets  the  criteria  discussed  in  (previ- 
ous paragraphs)  is  an  international  agreement  and  must  be 
reduced  to  writing  by  the  agency  that  concluded  the  oral 
arrangement  and  is  subject  lo  all  the  requirements  of  the 
Act..." 

Considering  the  cunenl  and  past  actions  of  the  United  States 
government  in  respect  of  giving  GPS  to  the  world  free  of 
charge  and  offering  lo  share  data  through  a  federally  funded 
office  (GPS  Information  Center)  and  the  future  promises  of 
a  10  year  or  more  commiunent  would  suggest  that  the  United 
Stales  government  has  already  unilaterally  entered,  perhaps 
unwillingly,  into  an  international  agreement  that  remains 
undocumented.  But  in  any  event,  it  is  difficult  lo  see  how  ihe 
government  can  legally  avoid  entering  into  a  multilateral 
international  agreement  if  GPS  is  to  be  formaUy  endorsed 
worldwide. 
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HOW  DOES  THE  UNITED  STATES  BECOME  A 
PARTY  TO  AN  INTERNATIONAL  AGREEMENT? 

There  is  a  fonnal  legislative  process  thai  enables  the  United 
States  to  become  a  signatory  to  an  international  agreement 
The  prtxedures  have  been  used  in  every  iiuemational  radi- 
onavigation  agreement  to  date  and  apply  to  all  agencies,  the 
Department  of  Defense  included.  The  process  is  depicted  in 
the  diagram. 


Reports  required  by 

Title  1  U.S.  Code  112b 

Public  Law  92-403 


President 

Article  II  of 
the  Constitulion 


Congress 

Secy  of  State 

rule  22  U.S.  Code 
Section  2656 

i 

I 

$ 

♦     ♦    ». 

Appropriation 

Agency 

with  Circular  175 
Authorization 

Budgt 

t  Reques 
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essential  in  the  conduct  of  modem  diplomacy";  "....the 
United  States  Government  should  seek  out  and  consult  with 
both  public  and  private  industrial,  academic,  and  research 
institutions  concerned  with  modem  technology";  "the  ef- 
fective use  of  science  and  technology  in  intemational  rela- 
tions for  the  mutual  benefit  of  all  countries  requires  the 
development  and  use  of  the  skills  and  methods  of  long-range 
planning". 


Publication  required  by 
Title  1  U.S.  Code  112a 


International 
Community 


The  President,  under 
Article  II  of  the  Constitution, 
is  empowered  to  enter  inter- 
national agreements.  This 
authority  can  be  transferred 
to  an  agency  of  the  govern- 
ment through  constitution- 
ally authorized  procedures. 


Powers  of  the  President 

Under  Article  Two,  Section  Two,  of  the  ConstiUition  of  the 
United  Slates,  the  Powers  of  the  President  are  slated.  Para- 
graph 2  gives  the  President  the  power  to  make  treaties.  It  is, 
however,  the  delegation  of  this  authority  to  the  Secretary  of 
State  that  is  more  meaningful  in  day-to-day  business  and 
pertinent  to  entering  into  intemational  agreements.  Under 
Title  22  of  the  U.S.  Code,  section  2656,  entitled  Manage- 
ment of  foreign  affairs,  the  Secretary  of  State  is  given 
sweeping  authority  to  conduct  matters  in  foreign  affairs 
"intrusted  to  him  by  the  President"  and  "in  such  a  manner  as 
the  President  directs." 

Foreign  Relations 

Of  more  substance  to  the  evolving  GPS/GNSS  technology 
are  the  subsequent  sub-sections  2656  a,  b,  c,  and  d  that 
address  scientific  and  technological  advances  and  their 
impact  on  foreign  policy.  The  responsibilities  of  the  Presi- 
dent and  the  Secretary  of  State  in  this  regard  are  clearly 
stated.  While  space  does  not  permit  a  full  extract  of  the  text, 
a  selection  of  quotations  may  be  helpful  in  putting  the 
Administration's  involvement  and  responsibility  with  GPS 
and  GNSS  into  perspective. 

Section  2656a  Congressional  declaration  of  findings  of 
major  significance  of  modern  scientific  and  technological 
advances  on  foreign  policy.  Congress  finds  that  "....appro- 
priate knowledge  of  modem  science  and  technology  by 
officers  and  employees  of  the  United  States  Govemment  are 


Section  2656b  Congressional  declaration  of  policy  regard- 
ing consequences  of  science  and  technology  on  conduct  of 

foreign  policy the  Congress  declares  the  following  to  be 

the  policy  of  the  United  States:  'Technical  opportunities, 
impacts,  changes,  and  threats  should  be  anticipated  and 
assessed";  "The  mutually  beneficial  applications  of  technol- 
ogy in  bilateral  and  multilateral  agreements  and  activities 
involving  the  United  S  tales  and  foreign  countries  or  intema- 
tional organizations  should  be  recognized  and  supported  as 
an  important  element  of  United  States  foreign  policy";  "The 
United  Slates  govemment  should  insure  that.. ..employees 
of  the  United  States  Government  engaged  in  formal  and 
informal  exchanges  of  scientiTic  and  technical  informa- 
tion, personnel,  and  hardware  are  knowledgeable  in 
international  affairs."  (Author's  emphasis  added.) 

Under  the  responsibilities  of  the  President,  Section  2656c 
cites  that  the  President  in  consultation  with  the  Director  of 
the  Office  of  Science  and  Technology  Policy  shall  identify 
and  evaluate  elements  of  major  domestic  science  and  tech- 
nology programs  and  activities  of  the  United  States  govem- 
ment with  significant  intemational  implications.  Addition- 
ally the  President  is  required  to  report  to  Congress  and  the 
Senate,  not  later  than  January  31st  each  year,  on  all  aspects 
of  bilateral  and  multilateral  activities  involving  science  and 
technology  and  the  implications  on  foreign  policy. 

Finally  Section  2656d  covers  the  responsibilities  of  the 
Secretary  of  State.  It  is  here  that  the  Secretary  is  given  the 
"primary  responsibility  for  coordination  and  oversight  with 
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respect  lo  all  major  science  or  science  and  technology 
agreements  and  activities  between  the  United  Slates  and 

foreign  countries,  international  organizations  etc " 

In  the  execution  of  these  responsibilities  the  Secretary  is 
required  "to  enter  into  long-term  contracts,  including  con- 
tracts for  the  services  of  consultants,  and  shall  make  grants 
and  take  other  appropriate  measures  in  order  to  obtain 
studies,  analyses,  and  recommendations  from  knowledge- 
able persons  and  organizations  with  respect  to  the  applica- 
tion of  science  or  technology  uo  problemsof  foreign  policy". 

It  should  be  clear  from  the  foregoing,  with  perhaps  a  reading 
of  the  complete  text,  that,  in  their  wisdom,  past  legislators 
have  put  the  responsibility  of  interfacing  United  States 
science  and  technology  with  the  world  on  the  shoulders  of 
the  President  and  the  Secretary  of  State.  How  then  does  an 
agency  of  the  government  become  legitimately  involved  in 
international  affairs  that  embrace  GPS  or  GNSS? 

The  Circular  175  Procedure 

By  means  of  a  document  known  as  Circular  1 75  Authoriza- 
tion, the  Secretary  of  State,  through  the  legal  staff  at  the 
Departmentof  State,  can  issuea  specific  and  limitedauthori- 
zation  delegating  authority  to  a  named  agency  to  interface 
and  conduct  negotiations  with  the  international  community. 
In  doing  so  the  Title  Code  of  the  agency  is  cited  to  ensure  that 
the  Circular  1 75  Authorization  is  consistent  with  the  charter 
of  the  agency. 

The  origin  of  Circular  1 75  Authorization  is  a  Department  of 
State  circular#175  dated  December  13, 1955,  acodification 
of  which  is  to  be  found  in  the  Foreign  Affairs  Manual, 
Volume  II,  section  700.  This  is  a  short  section,  well  worth 
reading  for  those  involved  in  international  affairs.  Authori- 
zation under  Circular  175  carries  with  it  additional  respon- 
sibilities for  reporting  back  to  the  Secretary  of  Slate  the 
result  of  activities  conducted  under  the  authorization.  The 
reporting  lime  is  20  days  to  enable  the  Secretary  of  State  to 
meet  the  letter  of  Public  Law  92-403  commonly  referred  to 
as  the  Case-Zablocki  Act  or  simply  the  Case  AcL 

All  is  not  finished  at  this  poinL  If  any  expenditures  are 
required  to  meet  the  commiunents  negotiated  under  the 
Circular  175  Authorization,  these  must  be  budgeted  funds 
appropriated  in  the  normal  budget  cycle  process.  Once 
funded  the  agency  is  then  able  to  fulfill  its  negotiated 
obligation  with  the  foreign  counterpart(s). 

IS  GPS  OR  A  GPS-BASED  GNSS  EXEMPT  FROM 
THIS  PROCEDURE? 

It  is  difficult  to  see  how  a  major  technological  advance  that 
has  cost  the  United  States  upwards  of  $10  billion  and 
probably  close  to  $20  billion  can  escape  the  definitions 
contained  in  the  referenced  documents.  In  fact  it  would 
appear  that  the  conduct  of  some  United  Slates  Government 
employees  in  their  enthusiasm  may  have  unknowingly 


crossed  the  fme  line  between  general  technical  discussions 
and  committing  the  United  States  government  to  future 
activities  and  expenditure.  It  is  the  author's  understanding 
that  the  purpose  of  the  Case  Act  is  lo  ensure  that  public 
officials  act  only  in  accordance  with  Slate  Department 
authorization  and  that  there  is  an  audit  trail  to  show  this  lo  be 
so.  To  the  author's  knowledge  no  Circular  175  has  been 
raised  for  GPS  activities  or  negotiations.  In  addition  there 
appears  to  be  no  controlling  documentation  from  the  Depart- 
ment of  Stale  to  provide  guidance  to  federal  employees  on 
GPS/GNSS  issues  in  the  international  forum  as  required  by 
law.  Such  guidance  might  prevent  conflicting  statements 
being  made  by  different  agencies  of  the  U.S.  government 
that  are  not  necessarily  consistent  with  the  policies  stated  in 
the  current  1992  edition  of  the  Federal  Radionavigalion 
Plan. 

HOW  HAS  THE  PROCESS  WORKED  IN  THE 
PAST?  PRECEDENCE  WITH  OMEGA. 

Omega  followed  a  long,  tortuous  route  from  a  United  States 
Navy  DOD  system  lo  a  civil  international  system.  So  here 
is  an  example  relevant  to  satellite  navigation  and  offering 
precedence.  Examination  of  the  paper  work  shows  that  the 
United  Slates  entered  into  a  number  of  international  agree- 
ments over  a  twelve-year  period  between  1968  and  1981. 

1.  Bilateral  agreements  with  Argentina,  Australia, 
France,  Liberia,  Norway,  and  Japan,  negotiated 
by  the  Department  of  State  with  U.S.  Navy  par- 
ticipation; 1970-1978. 

2.  Umbrella  Agreement;  Principles  of  the  Coordi- 
nation of  Operation  of  the  OMEGA  Radionavi- 
galion System  by  an  Iniemalional  Omega  Tech- 
nical Commission.  Effective  date  December  21, 
1981;  renewed  June  6, 1991. 

3.  Individual  bilateral  OMEGA  station  agreements 
wilh  Argentina,  Australia,  France,  Liberia,  Nor- 
way and  Japan;  negotiated  by  the  U.S.  Coast 
Guard,  1977  and  continuing. 

4.  Support  Agreements  with  the  same  countries. 

5.  Monitoring  Station  agreements  wilh  a  number  of 
countries. 

All  of  these  agreements  were  negotiated  under  individual 
Circular  175  authorizations.  The  first  of  these  was  granted 
to  the  U.S.  Navy  in  1968  wilh  subsequent  new  grants  to  the 
U.S.  Coast  Guard.  Today,  appropriations  for  funding  are 
made  through  the  Coast  G  uard  budget  process  in  accordance 
wilh  the  requirements  authorized  by  the  currently  active 
Circular  175. 

As  a  matter  of  interest,  OMEGA  system  management  and 
total  fuiancial  responsibility  was  formally  transferred  from 
the  Navy  lo  ihe  Coast  Guard  on  October  1 ,  1980.  The  total 
a-nnual  system  cost  to  the  United  Slates  today  is$5-8  million. 
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What  can  be  learned  from  the  Omega  experience?  First,  all 
negotiations  were  made  in  strict  accordance  with  the  Circu- 
lar 175  authorizations.  Internal  memoranda  show  that  there 
has  been  a  continuous  and  professional  effort  by  the  Coast 
Guard  to  confer  with  its  legal  department  to  ensure  that  it  was 
in  compliance  with  the  delegated  authority  and  reporting 
requirements.  Second,  that  it  took  12  years  to  achieve  an 
international  agreement,  7  years  of  which  were  consumed  in 
bringing  the  system  into  the  civil  arena.  Third,  that  Circular 
175  authorization  is  not  necessarily  transferable  from  one 
agency  to  another  if  the  title  in  the  U.S .  Code  under  which  the 
authorization  was  granted  changes  in  the  process. 

PRECEDENCE  OF  LORAN-C 

In  the  case  of  Loran-C  there  are  international  agreements 
involving  the  United  States  and  those  strictly  between  na- 
tions, independent  of  the  U.S.  -  the  latter  stimulated  by  the 
withdrawal  of  the  U.S.  from  Loran-C  operations  overseas. 

1.  DOD  agreements  for  the  original  overseas 
Loran-C  installations. 

2.  Bilateral  agreements  between  the  U.S.  and 
Canada  (5),  over  the  period  1964-1991. 

3.  AgreemenlbetweentheU.S.andtheU.S.SJl.for 
establishing  joint  Loran-C/Chayka  Radionavi- 
gation  Systems;  May  31, 1988. 

4.  International  Agreement  Concerning  the  Estab- 
lishment and  Operation  of  the  Civil  Loran-C 
Navigation  System  in  North  WestEuropeand  the 
North  Atlantic;  August  6,  1992. 

5.  Agreement  on  an  International  Programme  for 
the  Joint  Radionavigation  Service  in  Far  Eastern 
Waters  Using  Loran-C  and  Chayka  Stations; 
September  8, 1992. 

6.  Development  of  Loran-C  in  the  Mediterranean 
Area;  February  11,  1993. 

What  can  be  learned  from  these  established  agreements? 
First,  as  with  OMEGA,  negotiation  of  all  international 
agreements  involving  the  U.S.  was  conducted  under  a  series 
of  Circular  1 75  authorizations  with  the  exception  of  the  one 
with  the  U.S.S  J<.  which  was  signed  by  the  then  Secretary  of 
Slate  George  Shultz'.  To  transfer  Loran-C  assets  overseas  to 
host  countries  will  almost  certainly  be  covered  by  a  new 
Circular  175  Authorization  currently  being  requested.  Sec- 
ond, and  of  relevance  to  a  GNSS  agreement,  if  appropria- 
tions for  funds  are  required  to  be  addressed  in  the  negotia- 
tions leading  to  the  signing  of  an  agreement,  another  dimen- 
sion is  added  to  the  process  that  can  frustrate  progress 
towards  the  eventual  signing.  Funding  appropriations  usu- 
ally necessitate  passageof  a  bill  in  Congress  or  Parliament(s) 
where  party  politics  and  special  interests  play  a  major  role. 


1 .  To  be  strictly  tccurale,  a  imall  number  of  I^ran-C  agrecTnems  slipped 
by  the  Circular  175  authorization  procedure  due  to  an  administrative 
ovenight  but  were  subsequenUy  TBtiltcd. 


Technological  advance  and  operational  requirements  are 
more  than  likely  to  take  a  back  seat.  It  is  no  secret  that  this 
was  the  experience  of  the  Europeans  in  their  deliberations 
leading  to  last  year's  signing  of  the  North  West  Europe 
Loran-C  agreement  in  which  the  amount  of  money  involved 
was  comparatively  insigniflcant 

THE  GPS/GNSS  INTERNATIONAL  AGREEMENT 

With  this  rather  bleak  perspective,  what  is  the  motivation  for 
generating  an  international  agreement  for  funding  and  oper- 
ating a  GNSS  when  we  have  been  forewarned  of  an  extended 
period  of  negotiation  and  the  frustrations  of  reaching  a 
politically  acceptable  consensus? 

The  motivation  must  surely  be  to  have  in  place  an  agreement, 
legally  binding  under  international  law  upon  which  to  build 
a  GNSS.  Without  such  an  agreement  all  the  talk  in  the  world 
will  not  lay  a  sound  and  reliable  foundation.  The  issues  are 
well  known;  here  is  a  sample: 

Ownership:    Participation,  Control,  Operation 
Financial:   Funding,  Costs,  Cost  Sharing, 

Revenue  Generation 
Political:    Availability,  Misuse,  Conflicts, 
National  Security 
Legal:   Liability,  Insurance,  Frequency  Allocation 
Technical:    Specifications  and  Performance 

With  the  exception  of  cost,  these  issues  will  probably  be 
resolved  by  some  soul-searching  give-and-take.  The  ex- 
traordinary high  cost  of  satellite  technology  presents  a 
serious  threat  to  realizing  a  system  unless  the  total  annual 
costs  can  be  established  and  a  determination  is  made  as  to 
who  is  going  to  pay  for  the  service.  Should  not  answers  to 
these  questions  be  found  before  a  navigation  infrastructure 
dependent  upon  satellites  is  created?  To  the  author's  knowl- 
edge no  serious  attempts  have  been  made  to  find  an  adequate 
source  of  revenue  and  the  reason  is  simple  -  the  United  Slates 
has  thoughtfully  put  off  the  day  of  reckoning  for  a  decade  or 
more! 

The  closest  contender  for  a  GNSS  at  the  moment  is  GPS ,  and 
if  this  system  were  to  become  the  basis  for  a  GNSS  and  an 
international  agreement,  we  need  to  look  carefully  at  GPS 
costs  and  determine  if  this  expenditure  can  be  borne  by  the 
international  civil  community.  GPS  direct  and  indirect 
operational  costs  can  be  categorized  as: 

1.  Replenishment  space  vehicles 

2.  Replenishment  launch  vehicles 

3.  Launch  and  range  support 

4.  Operational  control  and  maintenance 

5.  Supporting  software  maintenance 

6.  Support  infrastructure  depreciation 

7.  System  administration 

8.  Augmentation  satellites 
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9.  LanJ-based  augmentation 

10.  Local  monitoring 

11.  Communications 

12.  User  information  network 

An  analysis  of  some  of  these  costs  is  found  in  the  General 
Accounting  Office  Report  of  a  study  of  the  U.S.  Air  Force 
space  program  conducted  for  the  Chairman  of  the  Commit- 
tee on  Armed  Services,  House  of  Representatives  in  1990. 


service  is  receiving  a  substantial  subsidy  from  the  Depart- 
ment of  Defense  appropriation  and  is  therefore  subject  to 
Congressional  budgetreview.  To  acknowledge  and  provide 
for  this  on-going  subsidy  in  an  international  agreement  will 
be  difficult,  if  not  impossible,  to  negotiate.  On  the  other  hand 
if  the  real  operational  cost  is  developed  by  allocating  a 
proportionate  amount  of  the  support  costs,  the  $1  to  $2 
billion  annual  cost  would  be  prohibitive  and  unacceptable  to 
the  international  community. 


Annuel  Eipendlturi 
JBIIIIons 


U.S.  Dept  of  Defense 
Annual  Space  Program 
expenditures  from 
198610  1991. 

Source: 

General  Accounting  Office 


General  suppoit  ' 
RtD  Support 
Communlcalions 
Launch  Vehicles  '^- 
Attackassetsment 
Ground  support   ^- 
Met.  &  Oceanography 
Mapping  i  Geodesy 
Navigation  (GPS)    ■*- 


A  graphic  representation  of  GAO  data  shows  7  years  of 
expenditure  over  the  period  of  1984  to  1991  on  the  space 
program  conducted  by  the  Department  of  Defense.  It  is  to  be 
noted  that  there  is  a  direct  line  item  for  GPS  running  at  an 
annual  rate  of  $500-$6O0M,  R&D  being  broken  out  as  a 
separate  line  item.  Of  more  significance  are  the  line  items  of 
ground  support;  launch  vehicles;  and  the  large  $8  billion 
expense  of  general  support.  How  are  these  indirect  expen- 
ditures to  be  treated?  Should  a  proportion  be  allocated  to 
navigation,  and,  if  so,  what  percentage?  Or  should  these 
support  functions  be  treated  as  being  required  for  other 
programs  and  therefore  not  burden  the  navigation  service? 
Answers  to  these  questions  are  required  to  determine  the  true 
cost  of  GPS  to  be  put  on  the  table  in  negotiations  establishing 
GPS  as  a  candidate  for  the  basis  of  a  GNSS  covered  by 
international  agreement.  But  what  are  the  chances  of  the 
costs  being  accepted? 

DISCUSSION 

In  today's  climate  of  global  budget  constraints  and  tight 
money,  GPS  costs  are  likely  to  remain  a  roadblock  to  GPS 
acceptance  as  an  international  system.  Here  is  the  rationale. 
If  a  cost  sharing  approach  can  be  reached  for  the  direct 
annual  GPS  operational  costs  and  none  of  the  support  costs 
are  included,  then  it  will  be  recognized  that  the  navigation 


If  neither  of  these  options  is  acceptable,  where  do  we  go  from 
here?  There  appear  to  be  just  two  directions;  either  we  let 
GPS  just  "happen"  to  be  employed  at  the  users'  risk  without 
international  agreement,  and  with  the  U.S.  footing  the  total 
bill  for  an  indeterminate  future,  or  we  start  down  the  road  to 
a  cheaper,  perhaps  backwards  compatible,  internationally 
funded  and  operated  system  covered  by  international  agree- 
ment 

Unfortunately  inter-agency  squabbling;  differences  of  opin- 
ion within  the  technical  and  operational  communities;  and 
the  stated  opposition  by  DOD  staff  to  creating  an  independ- 
ent international  system;  confuse  the  picture  and  make  it 
difficult  to  address  the  alternatives  in  a  rational  manner.  The 
DOD's  claim  that  the  standard  positioning  service  (SPS)  of 
GPS  is  under  civU  contfol  and  therefore  GPS  is  a  civil  system 
meeting  the  requirements  of  global  radionavigation  is,  to  put 
it  pohtely,  a  weak  argument  greeted  with  suspicion  and 
uncertainty.  It  is  analogous  to  saying  that  passengers  on  a 
bus  control  its  destination.  Make  no  mistake  -  if  we  elect  to 
board  this  bus  as  a  passenger,  we  have  no  choice  but  to  go 
where  the  driver  takes  us. 

It  must  be  made  crystal  clear  that  contrary  to  what  is  desired 
by  the  U.S.  poliucal  leadership,  the  U.S.  DOD's  cun-ent 
position  and  agenda  is  to  maintain  the  satelUte  navigation 
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initiative  by  retaining  the  selective  availability  degradation; 
discouraging  or  even  withholding  endorsement  for  wide 
area  differential  schemes;  preventing  the  emergence  of  an 
alternative  independent  capability:  and  retaining  ultimate 
control  of  GPS  by  the  refusal  to  accept  any  monetary  support 
from  sources  other  than  its  own  appropriations.  This  is  a 
justifiable  position  on  the  grounds  of  national  security  but  to 
represent  that  any  aspect  of  the  system  is  under  civil  control 
is  not  credible. 

The  depth  and  intensity  of  the  current  debate  on  these 
contradictions  can  be  judged  by  President  Qinton's  stated 
support  of  transferring  GPS  to  civil  control  as  a  means  of 
realizing  the  benefits  of  defense  expenditures,  echoed  by  the 
Secretary  of  DOT  Federico  Pena;  the  formation  of  a  closed 
DOD-DOT  inter-agency  task  force  at  Secretary  level  to 
resolve  these  differences  and  establish  a  common  policy; 
and  the  remarks  made  by  Senator  Exon  on  April  30,  1993 
from  the  Senate  floor  regarding  turning  GPS  over  to  the 
DOT  and  the  need  to  start  a  dialogue  on  user  fees. 

In  the  international  arena  the  contradictions  are  just  as 
intense.  The  U.S.  representatives  to  the  ICAO  FANS 
Committee  Meeting  of  the  Whole  held  in  London  during 
May  1 993  had  the  difficult  job  of  convincing  the  committee 
that  SPS  signal  of  GPS  is  under  civil  control  and  therefore 
any  mihtary  connotation  could  now  be  avoided.  Following 
the  meeting  it  was  reported  in  the  United  States  that  all 
objections  to  the  use  of  GPS  as  the  civil  GNSS  system  had 
thus  been  overcome.  A  reading  of  the  meeting  minutes 
reveals  otherwise  suggesting  that  the  arguments  were  not 
convincing.  DOD  cannot  have  it  both  ways  without  raising 
questions  as  to  the  agency's  integrity.  How  in  the  world  can 
a  Circular  175  Authority  be  generated  to  conduct  negotia- 
tions for  an  international  agreement  for  a  GNSS  involving 
GPS  in  this  chmate? 

Removing  Obstacles 

To  get  the  show  on  the  road,  the  fu^t  priority  must  be  for 
DOT  and  DOD  to  get  their  act  together  with  a  policy  that  can 
be  supported  by  Congress,  the  Senate  and  the  Cabinet.  It  is 
ironic  that  the  vehicle  for  doing  this  is  the  Federal  Radi- 
onavigation  Plan  which,  it  is  admitted,  has  been  tossed  to  the 
wind  in  the  current  furor.  Next  the  United  States  needs  to 
develop  a  short  term  (10  year)  and  long  term  (50  year) 
strategy  involving  the  international  community  in  which 
GPS  will  play  a  major  but  not  the  only  role.  Finally  under  the 
estabUshed  legislative  procedure,  the  U.S.  must  start  down 
the  long  and  tedious  road  to  become  a  signatory  to  an 
international  agreement  covering  satellite  navigation.  It  is 
the  author's  estimation  that  this  will  take  10  years  or  more  to 
negotiate  and  will  rank  along  with  the  GATT,  NAFTA  and 
Maastricht  negotiations  but  will  be  in  force  when  a  GNSS 
finally  materializes. 

And  if  one  were  to  be  so  bold  as  to  offer  a  word  of  caution, 
if  the  United  States  and  the  international  navigation  commu- 


nity cannot  come  to  an  agreement  for  the  funding  and 
operation  of  a  GNSS  and  GPS  becomes  the  only  available 
system  by  default,  navigation  by  satellite  could  remain  a 
supplemental  navigation  tool  indefmitely. 

CONCLUSION 

In  his  statement  from  the  Senate  floor  concerning  the  future 
of  GPS,  the  United  States  Senator  from  Nebraska,  Jim  Exon, 
Chairman  of  the  Armed  Services  Committee  subcommittee 
and  a  senior  member  of  the  Commerce  Committee,  has 
provided  the  basis  for  the  conclusion  to  this  paper.  In  his 
dissertation  the  Senator  suggests  that  GPS  will  benefit  the 
world  economy;  revolutionize  the  movement  of  people, 
goods,  and  services  the  world  over,  bring  enormous  produc- 
tivity improvements  to  the  world's  shipping  and  transporta- 
tion industries;  provide  every  nation  in  the  world  with 
substantial  economic  benefits;  profit  U.S .  industry  and  impact 
U.S.  balance  of  trade.  At  the  same  lime  the  Senator  recog- 
nizes that  it  is  U.S.  policy  for  GPS  to  be  a  technological  give- 
away at  the  U.S.  taxpayers'  expense  for  the  foreseeable 
future  with  a  further  commitment  to  provide  six  years  notice 
of  any  intent  to  change  this  policy. 

Since  the  Senator'sstatement  requests  the  cooperation  of  the 
President  and  relevant  cabinet  officials  to  chart  a  course  for 
GPS  management,  his  statement  requires  our  serious  atten- 
tion. While  being  no  lawyer,  a  layman's  comparison  of  the 
language  used  in  the  Senator's  statement  with  that  of  the 
discourse  on  the  implementation  of  the  Case  Act  for  the 
reporting  of  international  agreements  and  the  Circulation 
175  procedures,  suggests  that  GPS  should  already  be  the 
subject  of  an  international  agreement  -  except  for  one 
important  difference. 

The  criteria  estabUshed  in  subchapter  S  section  181.2  of 
Title  22  of  the  Code  of  Federal  Regulations  states  'The 
parties  to  an  international  agreement  must  intend  their 

undertaking  to  be  legally  binding and  intend  their 

undertakings  be  governed  by  international  law". 

This  is  the  root  of  the  problem  that  is  preventing  GPS  from 
becoming  internationally  acceptable  as  the  basis  for  a  GNS  S . 
There  appears  to  be  no  intention  for  the  United  States  to 
become  legally  bound  to  its  stated  policy.  The  cavaUer 
attitude  of  some  in  government  service  towards  binding 
agreements  and  those  responsible  for  the  implementation  of 
radionavigation  policy  as  documented  in  the  1992  edition  of 
the  Federal  Radionavigation  Plan  is  confirmation  enough 
for  the  international  community  to  be  extremely  cautious  in 
accepting  statements  of  U.S.  policy  on  blind  faith  without  a 
legal  fooling.  This  is  echoed  over  and  over  again  by  those 
ihroughout  the  world  wrestling  with  the  adoption  of  satellite 
technology. 

We  must  come  to  the  inevitable  conclusion  that  for  GPS  to 
qualify  as  a  candidate  for  an  international  system  it  must  be 
covered  by  a  constitutionally  acceptable  international  agree- 
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menL  As  soon  as  this  is  recognized  and  negotiations 
commence,  discussions  on  institutional  issues  will  find  an 
avenue  for  resolution. 

RECOMMENDATION 

Without  delay,  the  GPS  issue  should  be  taken  up  with  the 
Seaetary  of  State  to  provide  guidance  in  accordance  with 
the  Secretary's  responsibilities  as  defined  in  Title  22  Section 
2656d  which  is  relevant  in  its  entirety. 
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Mr.  Chairman,  my  name  is  Steven  J.  Brown.   I  am  Senior  Vice 
President  for  Government  &  Technical  Affairs  with  the  Aircraft 
Owners  and  Pilots  Association. 

AOPA  represents  the  interests  of  310,000  individual  members 
who  own  and  fly  general  aviation  aircraft  to  fulfill  their 
personal  and  business  transportation  needs.   That  is  60%  of  the 
active  pilots  in  the  United  States.   AOPA  members  own  or  lease 
62%  of  the  aircraft  in  the  general  aviation  fleet, 

SATELLITE  TECHNOLOGY 

We  appreciate  this  opportunity  to  comment  on  efforts  to 
integrate  satellite  technology  into  FAA's  airspace  modernization 
plans.   Mr.  Chairman,  I  am  pleased  to  report  that  significant 
progress  is  being  made  in  this  area.   FAA  has  a  number  of 
ongoing  aggressive  research  and  development  projects  which  will 
lead  to  capacity  and  safety  improvements.   The  aviation 
community  through  RTCA,  Inc.  is  actively  identifying  satellite 
application  opportunities  and  establishing  standards  that  will 
enable  airspace  system  users  to  extract  operational  benefits 
from  the  equipment  they  will  purchase.   We  at  AOPA  are  leaders 
in  each  of  these  areas  and  our  continuing  involvement  in  FAA 
cooperative  demonstration  projects  is  focused  on  proving  the 
benefits  of  GPS  precision  approaches  and  landings  in  general 
aviation  aircraft. 

It  is  ironic  and  revealing  to  note  that  satellite  technology 
was  barely  mentioned,  if  at  all,  in  the  FAA's  original  National 
Airspace  Modernization  Plan.   Now,  twelve  years  later,  satellite 
technology  clearly  holds  the  most  promise  for  efficient  and 
affordable  airspace  modernization. 

AOPA  has  long  maintained  that  the  FAA  should  shift  away  from 
the  ground  based  design  inherent  in  the  NAS  Plan  and  incorporate 
emerging  satellite  technology  into  its  current  Capital 
Improvement  Plan.   Advancing  technology  has  overtaken  much  of 
the  NAS  Plan.   This  is  especially  true,  for  example,  with 
respect  to  technology  such  as  the  Microwave  Landing  System.   For 
enroute  navigation  and  precision  approach  technology,  satellites 
represent  the  way  of  the  future. 

Furthermore,  our  analysis  suggests  that  billions  can  be 
saved  over  the  next  ten  years  by  redirecting  FAA's  airspace 
modernization  effort  and  moving  aggressively  toward 
implementation  of  a  system  relying  on  satellites  and  compatible 
technology  such  as  LORAN-C. 
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Congress  has  responded  enthusiastically  to  our  message 
regarding  satellite  technology.   And  the  FAA  now  seems  to  be 
moving  in  the  right  direction,  having  officially  acknowledged 
last  year  that  "satellite  navigation  systems  could  lead  to  the 
eventual  phaseout  of  existing  National  Airspace  System  ground 
equipment  while  maintaining  or  improving  existing  levels  of 
service.   In  addition,  satellite-based  navigation  systems 
provide  the  potential  for  new  navigation  and  landing  service." 
In  its  Satellite  Navigation  Program  Plan  for  FY92  through  FY97, 
FAA  also  notes  other  specific  benefits  of  satellite  technology: 

**  Consolidation  of  navigation  functions  in  a  single 

receiver,  thereby  enabling  the  eventual  phaseout  of  older 
navigation  aids  at  substantial  savings; 

**  Improved  safety  with  reduced  separation  minimums 
resulting  in  increased  system  capacity; 

**  Accurate  area  navigation  by  using  efficient,  optimized, 
user-preferred  flight  paths; 

**  Significant  reductions  in  aircraft  operating  costs 
through  the  use  of  efficient  route  structures; 

**  Accurate  position  reporting  to  enable  uniformly  high 
quality  worldwide  air  traffic  management; 

**  Improved  ground  and  cockpit  situational  awareness  to 
reduce  runway  incursion; 

**  Increased  landing  capacity  with  up  to  Category  1 

precision  approach  service  to  all  runways  and  airports 
for  all  aircraft  types,  including  helicopters. 

These  are  the  benefits  we  have  highlighted  throughout  our 
longterm  effort  to  advocate  increased  emphasis  on  satellite 
technology.   The  aviation  industry  has  known  that  these  benefits 
were  possible  and  that  some  are  already  within  reach.   But  we 
needed  some  help  from  Congress  to  persuade  FAA  to  look  forward 
rather  than  back. 

FAA  faces  a  major  management  challenge  as  it  attempts  to 
implement  the  technology  it  has  developed.   Mr.  Chairman,  as  you 
are  well  aware,  FAA  is  organized  as  a  highly  interdependent 
agency.   When  new  technology  is  implemented  it  requires  FAA  to 
perform  research,  conduct  demonstrations,  specify  standards, 
grant  certification,  establish  procedures,  and  alter  air  traffic 
control  methods.   If  any  of  these  necessary  activities  are 
managed  poorly  or  lags  seriously  behind  the  others,  the 
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technology  can  not  be  developed  and  the  users  do  not  receive 
potential  benefits  they  have  invested  in.   Therefore  it  is 
essential  that  FAA  make  measurable  progress  in  all  these  areas 
at  a  similar  pace  and  with  common  objectives. 

In  the  satellite  programs,  FAA  is  either  behind  or 
struggling  to  stay  "at  pace"  in  a  number  of  critical  areas. 
From  our  perspective,  the  procedure  development  process  appears 
nearly  dormant  and  the  pace  of  air  traffic  control  adjustment  to 
new  methods  and  airspace  organization  concepts  is  glacial.   I 
believe  FAA  risks  the  devastating  legacy  of  having  defined, 
demonstrated  and  certified  new  satellite  technologies  but  failed 
at  establishing  procedures  and  air  traffic  control  policies  to 
enable  the  benefits  of  increased  system  efficiency,  capacity  and 
safety. 

For  example,  while  FAA  has  approved  GPS  for  "overlay"  use  of 
existing  approaches,  it  has  not  developed  even  one  new  approach 
procedure  to  one  of  thousands  of  airports  that  could  receive 
instrument  approach  guidance  for  the  first  time.   And  FAA  has 
failed  previously  to  develop  such  procedures  for  Loran  C 
technology  that  would  offer  benefits  from  the  investment  in 
equipment  more  than  100,000  pilots  have  made. 

The  substantial  savings  and  benefits  inherent  in 
transitioning  to  the  system  of  the  future  are  too  good  to  pass 
up.   An  early  transition  will  save  billions  on  some  of  the 
existing  Capital  Improvement  Plan  programs  which  will  be 
unnecessary  or  incompatible  with  the  new  system. 

Significant  attention  is  often  paid  to  the  subject  of  FAA 
procurement  reform.   But  we  suggest  that  the  problems  with  FAA's 
modernization  programs  are  not  necessarily  related  to  an 
inability  to  obtain  new  equipment.   Rather,  they  are  more 
generally  a  matter  of  policy  choice  and  management  direction. 
This  is  one  such  area  where  significant  improvement  can  be 
achieved  through  appropriate  leadership  and  policy  choices. 

THE  SAVINGS  REALIZED  —  AOPA ' S  "FOUR-FOR-FOUR"  ALTERNATIVE 

As  an  alternative  to  the  substantial  new  taxes  on  general 
aviation  which  the  President  proposed  in  his  budget  plan,  AOPA 
is  advocating  cuts  in  four  expensive  FAA  modernization 
programs.   Our  "f our-for-four"  alternative  calls  for  $4  billion 
in  spending  cuts  from  four  major  FAA  programs,  all  of  which  are 
troubled  or  unnecessary  initiatives.   Furthermore,  each  is  a 
component  of  FAA's  $32  billion  Capital  Improvement  Program  that 
would  be  necessary  as  originally  proposed  when  satellite 
technology  is  exploited.   These  four  programs  are  the  Microwave 
Landing  System,  the  Long  Range  Radar  replacement  program,  the 
Advanced  Automation  System,  and  the  Area  Control  Facility 
program . 
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In  the  context  of  today's  hearing,  it  is  useful  to  look  at 
the  potential  savings  in  these  four  major  programs  because  they 
clearly  illustrate  the  impact  of  satellite  technology  on  FAA's 
modernization  plans.   While  these  are  among  the  most  obvious 
savings,  they  are  certainly  not  the  only  savings  to  be  realized 
over  the  next  ten  years  by  redirecting  FAA's  modernization 
efforts  towards  satellites. 

Microwave  Landing  System.   Both  general  aviation  and  the 
airlines  have  balked  at  the  Microwave  Landing  System,  which  is 
the  technology  put  forth  in  the  197  0s  to  improve  upon  Instrument 
Landing  Systems  for  precision  approach  capability.   But  the  GPS 
satellite  technology  of  today  offers  superior  and  less  costly 
alternatives  for  future  approach  guidance  to  airport  runways. 
As  FAA  acknowledged  recently  in  Geneva  at  an  international 
conference  on  future  landing  systems,  it  envisions  that  MLS 
procurement  (previously  projected  at  1,250  units)  will  be  cut  by 
as  much  as  1,000  units  —  an  80%  reduction. 

We  believe  the  only  remaining  use  for  MLS  is  the  potential 
for  seldom-needed  high  precision  Category  III  "autoland" 
approaches  performed  by  the  major  airlines  at  a  handful  of 
international  hub  airports.   Abandoning  procurement  of  all  but 
the  few  MLS  units  needed  for  this  limited  application  would  save 
approximately  $1.4  billion  in  federal  spending. 

Long  Range  Radar.   Using  GPS  satellite  technology  and 
datalink,  it  will  be  possible  for  aircraft  to  "self-report" 
their  position  to  air  traffic  control  computers.   This 
capability  greatly  reduces  the  need  to  upgrade  existing  long 
range  radars.   In  fact,  such  a  self -reporting  system  —  called 
Automated  Dependent  Surveillance  —  is  already  being  tested  for 
air  traffic  control  of  trans-oceanic  airline  flights. 

The  most  prudent  course  to  improve  long  range  surveillance 
capability  is  to  develop  an  affordable  "ADS  like"  function  for 
all  aircraft  that  would  utilize  a  satellite-based  aircraft 
position  reporting  system  using  datalink.   By  cancelling  the 
Long  Range  Radar  replacement  program,  nearly  $500  million  in 
federal  spending  will  be  saved. 

Advanced  Automation  System.   The  Advanced  Automation  System 
is  the  $5  billion  core  of  FAA's  $32  billion  airspace 
modernization  program,  and  it  has  symbolized  the  past  cost 
overruns  and  poor  management  which  have  plagued  the  NAS 
modernization  plan. 

We  believe  that  reduced  funding  for  AAS  should  be  a  prudent 
and  productive  component  of  any  deficit  reduction  effort.   While 
we  agree  with  the  industry  position  that  the  program  is 
necessary  and  should  be  continued,  the  system  as  designed  is 
overly  ambitious  and  exceeds  what  is  needed  or  technically 
feasible  given  the  progress  that  has  been  made  on  satellite 
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technology  and  air  traffic  automation  in  general.   The  program 
should  be  scaled  back,  and  continued  appropriations  should  be 
carefully  metered  to  ensure  that  the  history  of  management  and 
technical  problems  is  resolved. 

Area  Control  Facility.   The  Area  Control  Facility  concept  is 
integrally  linked  to  the  Advanced  Automation  System.   ACF  has 
been  controversial  since  FAA  first  proposed  transferring 
operations  from  all  radar  approach  control  facilities  and 
control  towers  within  a  specified  region  to  one  remote 
consolidated  site.   Recently,  the  agency  announced  that  it  is 
abandoning  plans  for  massive  consolidation  down  to  a  mere  23 
facilities.   Instead,  approximately  170  facilities  are  planned. 

By  trimming  the  Advanced  Automation  System,  reducing  the 
scope  of  the  Area  Control  Facility  concept,  and  realizing 
further  savings  in  AAS  costs,  we  believe  potential  federal 
savings  could  total  as  much  as  $2  billion.   Realistically,  these 
much  delayed  programs  will  not  be  deployed  until  at  least  the 
last  half  of  the  1990s. 

Again,  Mr.  Chairman,  the  $4  billion  in  savings  we  estimate 
from  cutting  or  scaling  back  these  four  programs  represents 
AOPA's  alternative  to  imposing  future  taxes  on  AOPA  members  and 
the  general  aviation  community.   But  these  and  other  cost 
savings  should  be  pursued  under  any  circumstances.   They 
illustrate  the  realistic  financial  impact  of  satellite 
technology  on  f'AA's  modernization  plans. 


SUMMARY 

In  summary,  Mr.  Chairman,  we  are  encouraged  by  the  FAA's 
recognition  of  the  benefits  we  have  highlighted  throughout  our 
longterm  effort  to  advocate  increased  emphasis  on  satellite 
technology.   Satellites  are  the  way  of  the  future  and  should  be 
the  centerpiece  of  FAA's  modernization  initiatives  throughout 
the  rest  of  the  century  and  beyond.   We  believe  FAA  must 
overcome  the  management  challenges   identified  and  must  prove 
its  ability  to  design  procedures  that  "enable"  user  benefits. 
We  urge  the  Committee  to  help  keep  FAA  focused  on  the  need  to 
look  forward  rather  than  back.   The  result  will  be  billions  in 
savings  compared  with  the  FAA's  original  NAS  modernization  plan. 

Mr.  Chairman,  this  concludes  my  comments.   I  will  be  happy 
to  respond  to  questions  from  the  Committee. 
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ABSTRACT 

The  ccniimeter-level  precision  of  GPS  carrier  phase  offers  the  key  lo  precision  landing  of  aircraft  with 
GPS.  A  new  Kinematic  Landing  System  (KLS)  is  presented,  wherein  carrier  phase  measurements  from  a 
pSeudoliie  (a  ground-based,  pseudo-GPS  satellite)  augment  reaJ-time  kinematic  positioning  with  GPS. 
Within  seconds,  the  system  resolves  the  carrier  phase  cycle  ambiguities  with  extremely  dependable 
results. 

As  an  aircraft  flies  over  the  pseudolite,  a  large  angular  geometry  change  occurs  on  a  time  scale  of  seconds. 
Considered  with  respect  to  the  slowly-changing  satellite  geometry,  the  pseudolite  carrier  phase  range 
measurements  reveal  the  cycle  ambiguities  for  each  satellite.  Initial  flight  experiments  indicate  that  robust 
measurements  of  altitude  can  be  obtained  to  within  a  few  centimeters. 

To  test  the  system  design,  landing  approaches  were  perfonned  in  a  single-engine  Piper  Dakota.  An  LI  C/A 
code  pseudolite  was  pfaced  roughly  1  km  from  the  threshold,  situated  along  the  centerline  of  the  landing 
strip.  The  aircraft  was  outfitted  wiih  four  GPS  antennas  on  the  top-side  for  position  and  attitude  and  a 
belly-mounied  pseudolite  receive  antenna.  Carrier  phase  measurements  from  all  aircraft  antennas  and  a 
ground-based  reference  station  antenna  were  collected  and  post-processed  to  resolve  the  precise  aircraft 
position  during  landing. 
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("Bubble 


Final  Approach  Trajectory 

■"•.■'Bubble"  Entry  Point 
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Airport  Runway 
Figure  1:  Kinematic  Landing  System  Geometry 


Presented  at  the  Second  International  Symposium  on  Differential  Satellite  Navigation  Systems,  March 
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Figure  2:  Final  Approach  from  Top  and  Aft  Views 


INTRODUCTION 

The  most  stringent  category  of  precision  landing  (Category  III)  requires  vertical  position  accuracy  of  one 
foot  (30  cm).  Based  on  ranging  using  the  L-band  carrier  of  GPS  (1.5  GHz,  19  cm  wavelength),  a  state-of- 
the-art  GPS  receiver  can  measure  the  carrier  phase  to  within  a  small  fraction  of  a  wavelength  (a  few 
millimeters  RMS).  The  Kinemaiic  Landing  System  (KLS)  presented  here  provides  an  extremely  robust 
means  for  achieving  dependable,  accurate  positioning  to  within  the  required  specifications. 

The  centimeter-level  precision  of  GPS  carrier  phase  offers  the  most  promising  means  for  achieving  the 
precision  landing  requirements  using  GPS.  Such  accuracy,  however,  is  subject  to  the  reliable  resolution  of 
the  cycle  ambiguities.  The  GPS  receiver  measures  the  fractional  component  of  phase.  The  integer 
component  must  be  obtiiined  through  separate  means.  Once  the  cycle  ambiguities  associated  with  the  GPS 
carrier  are  initialized,  the  relative  position  of  two  separate  antennas  can  be  determined  to  the  centimeter 
level. 

Figure  1  shows  the  pseudolite  (ground-based  pseudo-GPS  satellite)  situated  directly  underneath  the  glide 
slope.  The  transmitter  broadcasts  at  low  power,  such  that  the  signal  is  only  received  inside  a  "bubble" 
whose  radius  is  somewhat  larger  than  the  nominal  aircraft  altitude  above  the  glide  slope.  As  the  aircraft 
overflies  the  pseudolite,  the  changing  geometry  provides  the  means  for  resolving  the  aircraft  altitude  and 
along-track  position  to  the  centimeter  level.  Precise  positioning  with  respect  to  a  nearby  differential 
reference  station  (not  shown)  is  available  by  the  time  the  aircraft  exits  the  bubble  and  continues  through 
landing. 

Figure  2  extends  the  concept  to  two  pseudolites  situated  on  either  side  of  the  glide  slope.  As  discussed  in 
the  analysis  section  below,  a  single  pseudolite  signal  provides  along-track  and  radial  position.  Therefore, 
the  combination  of  two  pseudolites  provides  all  three  dimensions  of  position.  At  left,  this  figure  also 
shows  a  pseudolite  data/integrity  broadcast  transmitter  which  radiates  direciionally  up  along  the  glide 
slope.  Visible  to  the  aircraft  continuously  during  final  approach,  this  signal  is  used  to  transmit  data  to 
the  aircraft  and  to  provide  a  redundant  ranging  link  for  integrity  checking  and  fault  isolation. 

The  method  of  using  a  pseudolite  to  resolve  cycle  ambiguities  is  designed  to  be  extremely  robust  to  ensure 
dependable  operation  at  all  times.  Existing  methods  of  cycle  ambiguity  resolution  have  relied 
extensively  on  having  redundant  GPS  satellites  in  vicw.'-^  It  is  important  to  note  that  the  landing  system 
presented  here  is  designed  to  function  perfectly  even  with  the  minimum  of  four  satellites  in  view  at  a 
time.  Although  the  GPS  constellation  design  nominally  provides  six  satellites  in  view  at  a  time,  any 
viable  method  of  precision  landing  must  still  function  perfectly  even  when  there  are  no  redundant 
satellites. 
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Figure  3:  Kinematic  Landing  System  Block  Diagram 


KINEMATIC  LANDING  SYSTEM  DESIGN 

Figure  3  shows  the  system  design  for  the  Kinematic  Landing  System  (for  which  a  patent  application  has 
been  filed).  GPS  signals  arrive  at  both  the  aircraft  receiver  and  the  ground-based  reference  receiver.  The 
GPS  signal  generator  output  is  broadcast  to  the  aircraft  via  pseudolite  antenna  (A).  This  output  is  also 
routed  back  to  the  reference  receiver  on  the  ground.  This  ground  receiver  samples  the  instantaneous  carrier 
phase  of  each  satellite  and  the  pseudolite  and  broadcasts  these  numerical  values  on  a  data  channel  through 
the  pseudolite  antenna  (B)  shown  at  left.  The  L-band  carrier  broadcast  from  pseudolite  antenna  (B)  also 
provides  a  redundant  ranging  link  for  integrity  checking  after  the  aircraft  has  exited  the  bubble. 

These  transmissions  are  received  by  the  aircraft  position  receiver.  The  aircraft  receiver  uses  the  carrier 
phase  measurements  of  both  the  pseudolite  and  the  GPS  satellite  signals — combined  with  the  information 
in  the  data  link — to  resolve  the  cycle  ambiguities  and  determine  its  exact  position. 

Using  an  unassigned  PRN  code,  the  pseudolite  (A)  broadcasts  a  signal  based  either  on  its  own  lime  base  or 
that  of  the  reference  receiver.  Note  that  the  code  phase  is  not  explicitly  required  for  positioning.  KLS 
positioning  is  completely  carrier-based.  In  fact,  the  code  serves  only  so  that  the  receiver  may  distinguish 
between  different  GPS  satellite  carrier  signals.  Since  code-based  ranging  is  completely  optional,  it 
provides  an  additional,  independent  layer  of  integrity  checking. 

Four  GPS  antennas  are  placed  on  the  top  side  of  the  aircraft  to  measure  its  attitude.  Recent  experiments  at 
Stanford  and  elsewhere  have  demonstrated  the  feasibility  of  using  GPS  to  measure  aircraft  orientation'  ■* 
to  better  than  0.1  deg  at  10  Hz.^  Knowledge  of  the  aircraft  attitude  aids  resolution  of  the  cycle 
ambiguities.  The  aircraft  attitude  is  used  to  apply  the  lever-arm  correction  between  the  top-side  antenna 
used  for  positioning  and  the  bottom-mounted  pseudolite  receive  antenna.  Once  the  cycle  ambiguities  are 
known,  the  attitude  is  also  used  to  apply  the  lever-arm  correction  for  the  aircraft  landing  gear  position. 
Alternatively,  attitude  information  could  be  obtained  from  an  inertial  measurement  unit. 
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OHSERVAHILITY  ANALYSIS 

A  simpliticd  analysis  of  ihc  pseudolite  overflight  geomeiry  is 
presented  to  illustrate  how  the  technique  provides  both 
altitude  (radial)  and  along-lrack  position.  Figure  4  shows  a 
simple  linear  trajcctoi^-  directly  over  the  pseudolite,  located  at 
the  origin.  The  aircraft  coordinates  are  along-track  position,  .t, 
cross-track  (lateral,  out-of-ihe-page)  position,  y.  and  altitude 
(radial), :.  The  magnitude  of  the  aircraft  position  vector  is  the 
range  to  the  pseudolite,  r.  The  single-difference  phase,  (p. 
measured  between  the  aircraft  receiver  and  the  ground  reference 
receiver  is  then 


Figure  4:  Overdight  Geometry 
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where  b  represents  the  sum  of  the  cycle  ambiguity  and  all  system  biases  for  the  pseudolite  ranging  link, 
and  each  ht  represents  each  receiver  clock  bias.  Initialized  with  a  trial  trajectory  from  differentia]  GPS, 
conventional  kinematic  positioning  is  used  to  solve  for  the  relative  clock  bias  between  the  two  receivers. 
The  pseudolite  range  can  then  be  measured  directly,  subject  to  the  additive  bias,  b. 


(p  =  (p^,^^f,  -  tp,,^  +  A!,.,„p  -  At,,,  =r  +  b  =  •Jx^+  y^  +  2''  +b 

Linearizing  the  measured  phase  about  the  nominal  trajectory  which  runs  directly  over  the  pseudolite 
(y=0),  the  nominal  observation  matrix  is  given  by 


<=-[7  »  7   '] 


For  reference,  these  observation  func- 
tions (normalized  by  the  radius  of  clos- 
est approach)  are  plotted  in  Figure  5  as  a 
function  of  along  track  position.  As 
long  as  the  ranging  signal  is  observed 
over  a  large  enough  arc,  each  observable 
component  of  the  pseudolite  ranging  sig- 
nal is  clearly  distinguishable,  including 
the  most  important  parameter,  altitude. 


Along-track  position  (normalized) 
Figure  5:  Error  Signature  for  a  Pseudolite  Pass 


Note  that  the  cross-track  (lateral)  component  of  position,  y,  is  unobservable  with  a  simple,  linear 
trajectory  over  the  pseudolite.  For  this  reason,  the  dual  pseudolite  configuration  of  Figure  2  is  presented. 
With  two  pseudolites  on  either  side  of  the  glide  slope,  all  three  components  of  position  are  directly 
observable.  It  may  also  be  possible  to  obtain  the  same  information  from  another  pseudolite  placed  under 
the  glide  slope  of  a  parallel  runway. 

EXPERIMENTAL  IMPLEMENTATION 

To  provide  an  experimental-basis  for  the  positioning  accuracy  claims  presented  herein,  a  series  of  flight 
tests  were  performed  on  a  single-engine  Piper  Dakota  both  at  Palo  Alto  airport  and  over  the  Stanford 
campus.  The  experimental  campaign  consisted  of  repeated  overflights  of  a  single  pseudolite. 

Figure  6  is  a  photograph  of  the  aircraft  in  flight,  revealing  the  four  GPS  antennas  mounted  on  the  fuselage, 
tail,  and  each  wingtip.  Figure  7  shows  a  close-up  of  the  pseudolite  receive  antenna  mounted  on  the 
underside  as  well  as  its  location  with  respect  the  left  landing  gear. 
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Cloverlcaf  Kxperimcnt 
In  the  cloverleaf  experiment,  the 
pseudolite  was  situated  atop  a  building  on 
the  Sta/iford  campus.  The  aircraft  flew 
straight-and-level  at  1500  ft  altitude 
directly  over  the  pseudolite.  The 
overflight  was  followed  immediately  by 
a  270  deg  turn  for  a  repeat  pass  with  a  90 
deg  heading  change.  Figure  8  shows  a  top 
view  of  an  example  trajectory.  The 
reference  station  is  placed  at  the  origin. 
During  the  turn,  continuous  lock  was 
maintained  on  each  the  five  satellites  in 
view  at  the  time.  Using  only  the  raw 
carrier  phase  measurements,  a  batch  least- 
squares  fit  was  used  to  estimate  the 
Cartesian  components  of  the  trajectory, 
relative  clock  offset  between  the  airborne 
and  ground  reference  receivers,  the  cycle 
ambiguities  (estimated  as  continuous 
parameters),  and  a  separate  pseudolite 
range  bias  (one  for  each  of  the  two 
passes).  The  maximum  difference 
between  the  estimated  cycle  ambiguities 
and  the  rounded  integer  values  was  a  tenth 
of  acvcle. 
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Figure  8:  Top  View  of  Cloverleaf  Trajectory 
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To  determine  if  the  estimated  integers 
were  indeed  correct,  they  were  applied  to 
the  subsequent  leg  of  the  trajectory  which 
included  a  third,  independent  pseudolite 
pass.  Since  the  carrier  phase  was  tracked 
continuously  on  five  GPS  satellites  for 
more  than  10  minutes,  any  error  in  the 
cycle  ambiguities  would  become  apparent 
due  to  the  changing  satellite  geometry. 
The  RMS  residual  error  over  the  10 
minute  span  was  less  than  5mm. 

Final  Approach  Experiment 

In  the  final  approach  experiment,  the 

pseudolite  was  situated  1  km  from  the 

threshold  directly  below  the  glide  slope 

on  final  approach  to  Palo  Alto  airport. 

On  the  last  pseudolite  overflight  of  a 

series  of  touch-and-go's,  the  aircraft 

followed  the  trajectory  shown  in  Figure 

9.   Figure  10  shows  the  measured  range 

from  the  pseudolite.     Continuous  lock 

was  maintained  as  the  aircraft  landed  and 

taxied  to  parking.     After  the  flight,  a 

static  GPS  survey  was  performed  between  the  fuselage  antenna  of  the  aircraft  and  the  reference  station. 

This  static  survey  was  then  used  in  post-processing  to  establish  the  "truth"  values  of  the  cycle 

ambiguities  for  the  landing. 

As  described  in  the  observation  analysis  section  above,  a  linear  trajectory  over  a  single  pseudolite  does  not 
provide  sufficient  information  to  extract  cross-track  (lateral)  information.  For  the  final  landing  run, 
however,  there  was  enough  cross-track  motion  to  provide  a  limited  amount  of  lateral  observability. 
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Figure  9:  Top  View  of  Landing  Trajectory 
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Figure  3  dcpici5Jt)c  experiment  hardware. 
The  daia/iniegriiy  pseudohie  link  was  not 
employed  for  the  flight  experiment.  All 
flight  data  was  analyzed  in  post- 
processing. A  GPS  signal  generator 
running  on  its  own  frequency  standard 
supplied  the  ranging  reference  (modulated 
with  an  unused  C/A  PRN  code).  During 
the  test  flights,  the  pscudolitc  signal  was 
also  fed  into  the  reference  receiver  in 
order  to  measure  the  relative  clock  offset 
between  the  two  units.  The  signal  was 
broadcast  from  an  hemispherical 
microstrip  patch  antenna  with  a  1.5A 
radius  ground  plane.  The  relative 
positions  of  the  ground  station  reference 
and  pseudolite  antennas  were  positioned 
to  the  sub-centimeter  level  using  standard 
GPS  surveying  techniques. 

Three  Trimble  TANS  Quadrex  receivers 
(providing  multiple  antenna  inputs)  were 
used  to  perform  the  experiment.  One 
receiver  served  as  the  ground  reference 
station,  accepting  input  from  both  the 
pseudolite  and  the  GPS  satellite  signals. 
The  other  two  receivers  were  placed 
onboard  the  aircraft.  The  first  receiver — 
connected  to  the  fuselage  and  belly- 
mounted  antennas — was  used  for  carrier- 
based  ranging  for  positioning.  The  second 
receiver — connected  to  the  four  antennas 
mounted  on  the  top-side  of  the  aircraft — 
was  used  for  real-time  attitude 
determination.  The  output  of  all  receivers 
was  recorded  on  laptop  PC's  at  a  2  Hz  rate 
for  post-processing. 


Figure  7:  Pseudolite  Receive  Antenna 


The  relative  locations  of  the  top-side 

antennas  on  the  aircraft  were  determined 

to  sub-centimeter  accuracy  by  collecting  several  hours  of  static  differential  GPS  carrier  phase 

measurements  as  the  aircraft  was  parked  at  the  tiedowns.    The  location  of  the  underside  antenna  with 

respect  to  the  other  aircraft  antennas  and  landing  gear  was  established  using  a  theodolite. 

A  simplified  model  of  the  troposphere  consisted  of  a  flat-Eanh,  isotropic  block  of  medium  with  the 
index  of  refraction  of  air,  interfacing  to  a  vacuum.  This  model  is  valid  within  at  least  one  kilometer  of 
range  from  the  reference  station.  Although  it  was  not  explicitly  required  for  the  1  km  baseline  length, 
the  ambient  barometric  pressure,  temperature,  and  humidity  were  used  to  refine  the  assumed  index  of 
refraction,  following  the  formulation  of  Smith  and  Weintraub.'    Ionospheric  effects  were  neglected. 


RESULTS 


Two  specific  flight  tests  were  performed:  the  cloverleaf  experiment  and  the  precision  landing  final 
approach.  Since  a  single  pseudolite  is  capable  of  resolving  position  in  rwo  axes,  the  cloverleaf  experiment 
allows  all  three  components  of  position  to  be  resolved. 
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Table  1:  Final  Approach  Kesulb 


(cm) 

A 

0 

Radial 

4.3 

2.7 

In-track 

2.3 

0.9 

coupled  with  excellent  along-irack  and 
altitude  (radial)  observability.  Therefore, 
no  constraints  were  imposed  on  the 
solution  to  ensure  convergence.  Note  that 
the  radial  axis  does  not  exactly  coincide 
with  the  vertical  direction  because  the 
aircraft  was  descending  several  meters  to 
the  left  of  the  pseudolite. 

Table  1  shows  the  difference  (A)  between 
the  kinematic  position  based  on  the  known 
integers  and  the  trajectory  based  on  the 
pseudolite  measurements.  Also  included 
is  an  estimate  of  the  uncertainty  (ct).  The 
largest  systematic  source  of  error  in  the 
entire  experiment  is  thought  to  be  in  the 
independent  measurement  of  the 
pseudolite  receive  antenna  phase  center 
location  on  the  bottom  of  the  aircraft. 
The  estimated  trajectory  is  shown  in 
Figure  1 1 .  The  points  along  the  trajectory 
at  which  pseudolite  measurements  were 
performed  are  indicated  by  asterisks. 


Aiong-track  range  (meters) 
Figure  10:  Measured  Range  to  Pseudolite 


Along-track  distance  (meters) 
Figure  11:  Landing  Trajectory 


Operational  implementation  of  the  system  will  be  enhanced  significantly  by  employing  dual  pseudolites 
on  either  side  of  the  glide  path.  Right  testing  with  such  a  geometry  is  currently  underway. 

DISCUSSION  AND  CONCLUSIONS 

Based  on  preliminary  flight  testing  on  a  Piper  Dakota,  the  potential  for  using  pseudolites  to  resolve  cycle 
ambiguities  for  dependable  centimeter-level,  real-time  positioning  has  been  demonstrated  experimentally. 

In  the  Kinematic  Landing  System  presented  herein,  cycle  ambiguities  are  resolved  in  real  time  by  taking 
advantage  of  the  change  in  geometry  that  occurs  as  the  aircraft  overflies  the  pseudolite.  The  system  enjoys 
a  number  of  advantages,  including: 

•  Robust  and  Dependable  Operation 

The  Kinematic  Landing  System  presented  here  is  designed  to  be  exceptionally  robust  and  dependable. 
With  only  the  basic  LI  C/A  code  GPS  service  and  the  100m  level  of  Selective  Availability  that  has  been 
guaranteed  by  the  Department  of  Defense,  the  system  is  designed  to  satisfy  completely  the  most  stringent 
specifications  on  positioning  accuracy,  including  the  30  cm  Category  n/III  altitude  requirement. 


•  Duilt-in  Integrity  Checking 

A  number  of  "safety  nets"  are  available  to  warn  the  pilot  of  any  improper  operation.  The  cycle 
ambiguities  (estimated  as  continuous  parameters)  can  be  checked  easily  to  see  if  they  actually  converge  to 
integer  values.  Next,  the  redundant  ranging  link  of  the  data  channel  can  be  used  to  trap  a  problem,  since 
the  position  solution  will  always  be  over-determined.  Finally,  note  that  the  system  docs  not  explicitly 
require  code-based  ranging  at  all  except  for  coarse  initialization  of  the  least-squares  iteration.  Therefore, 
the  code  may  be  employed  as  an  independent  means  to  monitor  solution  integrity. 
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•  A  Duilt-in  DjtJ  ChonncI 

A  key  advarugc  of  pscudolites  is  that  they  can  double  as  the  data  channel  to  uplink  differential 
correciions  to  the  aircraft.  By  reusing  the  portion  of  the  RF  spectrum  allocated  to  GPS,  lower  frequencies 

are  available  for  other  purposes. 

•  Low  System  Cost 

The  final  key  advantage  of  the  Kinematic  Landing  System  is  that  it  is  likely  to  be  inherently  inexpensive. 
The  hardv^axe  for  the  ground  component  might  cost  less  than  SIOOK.  Since  it  is  based  entirely  on 
differential  techniques,  no  exotic  ultra-stable  clocks  or  other  expensive  components  are  required. 
Furthermore,  both  the  ground-based  and  aircraft  components  of  the  system  are  easy  to  calibrate.  The 
ground  system  may  be  installed  and  calibrated  with  less  than  an  hour  of  static  GPS  survey.  Furthermore, 
the  pseudolite  receive  antenna  location  on  the  underside  of  the  aircraft  can  be  exactly  determined  simply 
by  landing  at  a  KLS-equipped  airport  and  resolving  the  cycle  ambiguities  by  other  means. 
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ABSTRACT 

Attitude  determination  using  GPS  has  been  applied 
successfully  to  aircraft  in  experiments  by  a  number  of 
researchers.  In  an  effort  to  formally  characterize  its 
accuracy  and  bandwidth  performance,  a  GPS  attitude 
determination  system  was  flight  tested  against  an 
inertia]  navigation  unit  (INU).  Based  on  completely 
separate  physical  principles,  this  testing  provides  an 
independent  means  of  evaluating  overall  performance. 

The  sub-centimeter  relative  ranging  precision  offered  by 
measurements  of  carrier  phase  serves  as  the  foundation  of 
attitude  determination  using  GPS.  Real-time  attitude 
capability  lias  been  demonstrated  with  an  accuracy  better 
than  0.1  deg  ai  an  output  rate  of  10  Hz.  Such  performance 
opens  the  door  to  new  applications  in  aviation,  including 
heading  and  attitude  sensing  to  augment  traditional 
cockpit  sensors  and  on-line  aircraft  system  identification 
to  enhance  flight  safety. 

For  the  flight  experiments,  a  King  Air  200  twin  turbo- 
prop transport  aircraft  (NASA  701)  was  outfitted  with 
a  Trimble  TANS  Vector  atbtude  determination  receiver. 
A  Litton  LN-93  strap-down  ring  laser  gyro  INU  was 
operated  in  the  main  cabin  as  the  independent  reference. 

For  system  evaluation,  a  number  of  test  maneuvers  were 
executed,  including  pitch  angles  to  ±30  deg  and  bank 
angles  to  ±60  deg.  Performance  in  moderate  turbulence 
was  measured.  The  impact  of  structural  flexure  during 
aircraft  maneuvering  was  evaluated. 

INTRODUCTION 

Attitude  determination  using  GPS  is  based  on  sub- 
centimeter  precision  measurements  of  GPS  carrier  phase 


(.^19cm).  As  demonstrated  by  researchers  from  JPL,' 
Ohio,^  and  Stanford.'  the  orientation  of  an  aircraft  can  be 
determined  by  measuring  the  relative  positions  of 
multiple  GPS  antennas  mounted  to  an  aircrjtft  structure. 

The  purpose  of  the  test  flight  presented  herein  is  to 
provide  a  quantitative  experimental  basis  for  the 
kinematic  accuracy  performance  evaluation  of  attitude 
determination  using  GPS.  The  flight  test  objective  was 
to  conduct  maneuvers  that  would  allow  evaluation  of  the 
limit  attitudes  and  dynamic  response  of  the  GPS  attitude 
system 

Smooth  push-over-pull-up  pitch  maneuvers  were 
conducted  starting  with  small  pitch  angles  and  increasing 
to  ±30  deg  pitch  angle.  Smooth  roll  reversals  were 
conducted  at  30,  45,  and  60  deg  roll  angles.  Steady  360 
deg  banked  turns  were  conducted  at  30, 45,  and  60  deg  roll 
angles.  Pitch  and  roll  doublets  were  also  conducted  to 
evaluate  fast  transient  response.  Attitude  data  from  the 
GPS  attinjde  system  and  the  INU  were  recorded  in-fiighi 
for  posMest  analysis. 

Note  that  the  comparison  between  two  different  forms 
of  measurement  does  not  explicitly  yield  accuracy 
information  beyond  the  specification  of  the  reference 
instrument.  The  INU  attitude  data  are  accurate  to  0.05 
deg  rms  in  pitch,  roll,  and  azimuth.' 

As  an  adjunct  to  the  flight  testing  presented  here,  a  study 
of  the  impact  of  structural  flexure  was  performed.  Note 
that  there  is  no  requirement  that  GPS  antennas  used  for 
attitude  be  mounted  at  the  extremities  of  the  aircraft  In 
general,  attitude  accuracy  increases  with  antenna 
separation  and  so  does  structural  flexure.  To  evaluate  the 
impact  of  flexure  on  attitude  determination,  it  was 
decided  to  mount  the  antennas  as  far  apan  as  possible. 
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Figure  1:  King  Air  200  Flight  Test  Aircraft  (NASA  701) 


FLIGHT  TEST  EXPERIMENT  ARCHITECTURE 

The  flight  experiment  was  conducted  using  the  twin 
turbo-prop  transport  aircraft  (King  Air  200.  NASA  701) 
shown  in  Figure  1. 

The  GPS  attitude  system  consists  of  a  6  channel  C/A- 
Code  GPS  receiver  (Trimble  TANS  Vector)  and  four 
microstrip  patch  antennas.  Figure  2  shows  a  plan  view  of 
the  antenna  installation.  The  antennas  are  mounted  on  the 
wing  tips,  the  forward  fuselage,  and  on  the  top  of  the 
vertical  tail.  The  four  antennas  were  mounted  with  their 
normal  vectors  aligned,  such  that  they  are  only 
translated,  no(  roiaied  (even  about  the  antenna  norma]) 
with  respect  to  one  another.  This  installation  eliminates 
any  errors  due  to  azimuthal  asymmetr)'  of  the  antenna 
pattern,  because  they  cancel  out  in  the  phase  differencing 
between  antennas.  Figure  3  shows  a  close-up  of  the  left 
wing  installation. 

The  attitude  receiver  was  used  as  the  sensor  for  the 
experiments.  A  486  laptop  computer  provided  attitude 
solutions  and  data  recording  for  post-flight  analysis. 
This  combination  is  capable  of  providing  real-time 
attitude  solutions  at  an  output  rate  of  10  Hz.  However, 
for  the  test  flights,  the  computer  performed  attitude 
solutions  in  real-time  at  a  2  Hz  output  rate.   At  the  same 


time,  it  recorded  raw  differentia]  phase  data  at  10  Hz  for 
post-flight  analysis. 

After  the  antenna  installation  was  complete,  the  relative 
antenna  positions  were  measured  with  a  static  "self 
survey"  using  GPS.  The  aircraft  was  parked  in  an  area 
free  of  obstructions  to  minimize  masking  and  was  not 
disturbed  during  the  survey  period.  Six  and  one  half  (6.5) 
hours  of  carrier  phase  measurements  were  recorded  from 


Figure  2:  Plan  View  of  GPS  Antenna  InsUllation 
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Figure  3:  GPS  Antenna  Installation  on  Left  Wing 

the  altitude  receiver  in  order  lo  compute  a  refined 
estimate  of  the  relative  antenna  locations.  The  results  are 
given  in  Table  1. 

Table  1:   Relative  Antenna  Vectors  in  Body  Frame 


fmeters) 

Baseline  1 

Baseline  2       Baseline  3 

X 

6.887 

7.702              7.080 

-8.132    1         -0.124              8.087 

z 

-2.719    1         -1.807             -2.622 

leneth 

10.998    1          7.912             11.064 

A  suap-down  ring  laser  gyro  IneniaJ  Navigation  Unit 
(Litton  LN-93)  provided  reference  attitude 
measurements  for  comparison  with  the  GPS  attitude 
dam.  Figure  4  shows  a  block  diagram  of  the  entire  test 
apparatus.  The  GPS  altitude  and  inenial  elements  of  the 
test  setup  are  completely  independent. 

INU  data  were  accessed  at  64  Hz  via  the  INU's  1553B 
data  bus.  and  then  time  tagged  with  GPS  time  before 
being  written  to  the  host  computer  (68030  VME 
System)  hard  disk. 

A  1  pulse-per-second  (1  PPS)  liming  signal  and  its 
corresponding  GPS  lime,  output  from  a  12  channel  P- 
Code  GPS  receiver  (Ashiech  P-12),  was  used  to  calibrate 
the  host  computer's  clock  to  GPS  lime.  Immediately 
after  reading  an  INU  record,  the  host  computer 
interrogated  ihe  clock  and  appended  GPS  lime  to  the  INU 
record. 


The  GPS  lime  tags  on  the  INU  data  were  the  basis  for 
comparison  of  GPS  attitude  and  INU  attitude 
measurements.  It  is  reasonable  to  assume  that  GPS  time 
from  the  two  receivers  is  consistent  to  within  a  few 
hundred  nanoseconds,  therefore,  this  error  was  neglected. 

The  LNU's  1553  daux  bus  was  sampled  asynchronously  ai 
100  Hz,  giving  rise  to  a  0-10  ms  sampling  lag  (5  ms 
average).  The  host  computer's  time  lagging  latency  was 
about  1  ms.  The  INU's  1553  bus  latency  is  estimated  to 
be  about  2  ms.  Therefore,  the  total  average  latency  of  the 
GPS  time  lag  on  the  INU  records  is  estimated  to  be  8  ms. 

The  GPS  altitude  carrier  phase  cycle  ambiguities  were 
resolved  in  real-time  by  using  the  motion-based  matrix 
approach  outlined  in  a  previous  paper.' 

Attitude  motion  (from  turns,  either  on  the  ground  or  in 
the  air)  is  used  to  determine  how  many  integer 
wavelengths  lie  between  each  pair  of  antennas  in  the 
direction  of  a  given  GPS  satellite. 

Throughout  the  banks  and  turns  of  normal  operation, 
GPS  satellites  are  frequently  shaded  by  the  aircraft 
structure.  Once  integer  lock  is  initially  obtained,  it  is 
maintained  through  an  integer  "hand-off  from  satellite 
to  satellite. 

Each  time  a  satellite  becomes  visible,  its  integers  are 
automatically  assigned  based  on  the  current  attitude 
solution  that  has  been  computed  from  the  other  satellites 
in  view. 
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Figure  4:  Block  Diagram  of  Experimental  Setup 
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Once  the  GPS  receiver  has  performed  a  position  fix.  only 
two  satellites  are  required  to  perform  aiiiiude  fixes. 
This  capability  is  based  on  the  common  local  oscillator 
design  of  the  receiver  As  long  as  at  least  two  satellites 
are  in  view  r\t  a  given  attitude,  integer  lock  will  be 
mainiauied 

Throughoul  all  of  the  maneuvers  performed  in  the  test 
flight,  the  attitude  receiver  lost  integer  lock  only  once. 
The  maneuver  was  a  roll  reversal  from  -60  to  +60  deg. 
The  integers  were  reaquired  immediately  by  performing  a 
shallow  banked  turn,  and  the  identical  roll  reversal  was 
repeated  at  a  new  heading  without  incident. 

DATA  ANALYSIS 


Table  2:   Static  Calibration  Results 
(following  application  of  alignment  correction) 


Pre-Flicht  (o 

ne  minute  mean); 

(degrees) 

GPS 

I^^J 

INU-GPS 

Headinc 

-24.62 

-24.66 

-0.04 

Pitch 

1.13 

1.18 

0.05 

Roll 

0.52 

0.51 

-0.01 

Post-Flight  ( 

one  minute  mean): 

(degrees) 

GPS 

INU 

INU-GPS 

Heading 

1.00 

1.04 

O.M 

Pitch 

1.25 

1.20 

-0.05 

Roll 

0.45 

0.46 

0.01 

Each  attitude  solution  is  comprised  of  a  four  parameter 
SUM  that  includes  heading,  pilch,  roll,  and  instantaneous 
wing  flex.  A  diagram  of  the  aircraft  body  axes.  GPS 
antenna  placement,  and  wing  flex  states  is  shown  in 

Figure  5. 

The  absolute  static  accuracy  of  attitude  determination 
using  GPS  has  been  demonstrated  previously  by 
measurements  taken  against  a  stellar  reference.' 
Therefore,  it  is  entirely  sufficient  to  align  the  GPS 
coordinate  frame  with  repect  to  the  INU  using  static 
measurements. 

Static  calibration  data  files  of  approximately  one  minute 
duration  were  collected  on  the  tarmac  immediately  prior 
to  and  immediately  following  the  lest  flight.  The 
attitude  alignment  matrix  between  the  GPS  receiver  and 
the  INU  were  adjusted  until  the  mean  of  the  static 
attitude  errors  using  both  pre-  and  post-flight  data  were 
zero.  This  calibration  is  presented  in  Table  2. 


To  form  the  relative  error,  INU  data  corresponding  to 
the  10  Hz  GPS  attitude  solution  were  computed  by  linear 
interpolation  of  the  64  Hz  INU  data  with  the  10  Hz  GPS 
time  tag.  The  differences  plotted  in  the  Results  Section 
are  the  INU  measurement  minus  the  GPS  attitude 
measurement  for  each  axis  of  interest. 

The  latency  on  the  INU  time  lags  (discussed  in  the 
previous  section)  was  observed  and  estimated  through 
analysis  of  the  roll  error  and  roll  rate  data  from  the  roll 
reversal  maneuvers.  The  roll  error  appeared  to  be  well- 
correlated  with  the  roll  rate,  suggesting  a  timing  error. 
From  the  data,  the  time  latency  was  estimated  to  be  about 
7  ms — the  value  that  was  assumed  for  the  processing  of 
ihe  data  presented  below.  This  is  consistent  with  the 
estimate  in  the  previous  section. 

Structural  Flexure 

The  capacity  of  GPS  to  estimate  structural  deformation 
adds  an  additional  dimension  lo  attitude  determination. 
Wing  flexure  (of  almost  10  cm  steady-state  for  the  King 
Air)  provides  a  direct  measurement  of  wing  loading. 


GPS  Antenna 


Figure  S:  Antenna  Baseline  and  Wing  Flexure  Definitions 
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Atiitude  solutions  are  augmented  with  an  estimate  of  the 
instajitaneous  wing  flexure.  The  baseline  vectors  in  the 
body  frame  of  the  aircraft  are  constrained  to  deform  in 
one  particular  direction.  A  given  baseline  vector,  bo 
(3x1),  can  deform  in  the  direction  of  fc/,„  (3x1),  by  a 
scalar  amount,/,  as  follows: 
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The  entire  sei  of  m  baselines  is  grouped  together  into  a 
m^iaix,  B.  compnsed  as  follows: 


B  =  [6,     bj 


".] 


The  matrix  of  baselines  in  the  body  frame  are 
collectively  constrained  to  deform  in  the  direction 
indicated  by  the  Bp„  matrix  as  follows: 

The  Bp„  matrix  is  formed  in  an  analogous  manner  to  the 
B  matrix.  The  B^-,„  matrix  for  the  aircraft  geometry 
shown  in  Figure  5  is  given  by 


0       0       0 

0       0       0 

1  +  5    6    \  +  S 


The  parameier  5  specifies  how  much  the  fuselage  section 
of  the  aircraft  deforms  during  maneuvers.  It  could  also 
be  interpreted  as  a  measure  of  how  wing  flexure  couples 
into  pitch  attitude.  For  all  the  results  presented  herein 
(except  for  those  in  Figure  6),  the  value  of  5  was  set  to 
zero  (the  simplest  model  of  wing  flexure). 

The  attitude  solution  is  then  given  by  the  3x3 
transformation  matnx.  A,  which  rotates  the  body  frame 
vectors,  B.  into  the  local  horizontal  reference  frame  to 
best  match  the  set  of  n  differential  phase  measurements. 
?)(n>c3),  from  the  GPS  satellites.  The  appropnate  cost 
function  to  be  minimized  is 
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RESULTS 

The  flight  test  was  performed  over  California's  Central 
Valley  on  the  morning  of  January  12,  1993.  The 
maneuvers  from  the  test  flight  (presented  herein  in 
chronological  order)  are 


Static  Calibration  on  Tarmac 

Moderate  Turbulence 

Pull-up,  Push-down  Pitch  to  30  deg 

Roll  Reversals  to  60  deg 

Steady  Turn,  45  deg  bank,  360  deg  heading 

Steady  Turn.  60  deg  bank.  360  deg  heading 

Pitch  Doublet 

Straight  and  Level 

Roll  Doublet 

Static  Calibration  on  Tarmac 


Some  of  these  maneuvers  of  particular  interest  are 
described  here  in  greater  detail. 
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Figure  8:  Pitch  Doublet 
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Figure  9:  Roll  Doublet 
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rull-up,  Push-down  Pitchovers 

Figure  6  shows  the  results  of  the  pitchover  maneuvers. 
The  pilots  executed  pitch  angles  of  ±10,  20  and  30  deg. 
The  piich  mte  and  vertical  acceleration  as  measured  by  the 
DsTJ  are  plotted  immediately  following.  Since  pitch  rate 
corresponds  to  vertical  acceleration,  the  wing  ilexure 
varies  in  proportion  to  both  acceleration  and  pitch  rate 
Note  that  the  siructure  deforms  b)  almost  a  full  GPS  LI 
wavelength  from  peaJc  to  peak. 

To  determine  the  impact  of  wing  flexure  on  attitude 
sensing,  the  parameter  5  discussed  in  the  previous  section 
was  varied  incrementally  in  steps  of  0.1.  Employing  any 
value  of  S  not  equal  to  zero  is  equivalent  to  adopting  a 
more  involved  model  of  wing  flexure  which — depending 
on  the  application — may  or  may  not  be  desirable. 

At  the  normal  setting  of  5=0,  the  pitch  error  is  biased 
from  the  IKU  reading  by  0.04  deg  with  a  standard 
deviation  "of  0.05  deg.  However,  it  is  apparent  that  there 
is  some  correlation  with  the  wing  flexure  state  estimate. 
At  a  setting  of  &=0.1,  the  agreement  between  GPS  and  the 
INU  appears  to  be  independent  of  wing  flexure. 

Roll  Reversals 

Figure  7  shows  the  results  of  a  series  of  roll  reversals, 
executed  at  ±15,  30,  45,  and  60  deg.  The  roll  error  has  a 
standard  deviation  of  0.05  deg  throughout  the  entire  set. 
Heading  and  heading  error  are  also  shown  for  comparison. 
The  controls  were  coordinated  throughout. 

The  pitch  error  shows  a  distinct  correlation  with  the  roll 
angle.  This  signature  is  characteristic  of  an  alignment 
error  in  heading  given  (in  radians)  by  the  ratio  of  peak-to- 
peak  pitch  disagreement  to  the  corresponding  peaks  in 
roll  angle.  The  following  plot  shows  the  same  pitch 
error  reprocessed,  assuming  alignment  biases  of  0.08  deg 
in  pitch  and  -0.08  deg  in  heading.  The  standard  deviation 
drops  to  0.03  deg. 

Pitch  Doublet 

The  receiver  response  to  transients  on  a  much  faster  time 
scale  was  tested  using  doublets  In  the  pitch  doublet, 
elevator  control  is  input  in  one  direction  followed 
immediately  by  a  revenal  in  the  other  direction.  Figure  8 
shows  an  example  of  the  pitch  doublet,  including  the 
wing  flexure  response. 

Roll  Doublet 

Figure  9  shows  an  example  of  a  roll  doublet  with  the 
maximum  aileron  control  auihoriiy  applied.  The  roll 
excursion  traverses  70  deg  peak-io-peak  in  two  seconds. 
The  INU  roll  rate  indicates  that  a  maximum  roll  rate  of 
50  deg/sec  is  reached.  Roll  acceleration  is  formed  by 
differencing  consecutive  roll  rate  measurements.  The 
roll  error  appears  to  be  a  mirror  image  of  the  roll 
acceleration. 


The  bulk  of  the  discrepancy  between  GPS  and  the  INU  is 
believed  to  originate  from  structural  flexure  about  the 
roll  axis.  The  ailerons,  located  near  the  wing-tips,  bend 
the  wings  slightly  as  they  accelerate  the  fuselage  in  roll. 
The  fuselage  lags  behind  the  wings  by  one  or  two  tenths 
of  a  degree  in  direct  proportion  to  the  angular 
acceleration. 

In  the  case  of  symmetric  bending,  such  as  that  from  pitch 
maneuvers  or  steady,  banked  turns,  wing  flexure  is 
completely  observable.  This  is  not  the  case  for  bending 
about  the  roll  axis,  which  couples  directly  into  roll 
attitude 

This  pointing  discrepancy  may  or  may  not  be  important, 
depending  on  the  definition  of  aircraft  attitude  in  the 
presence  of  structural  flexure.  In  cases  where  it  is  the 
wing  location  that  is  desired,  the  discrepancy  would  be 
attributed  to  the  INU.  In  applications  where  fuselage 
attitude  sensing  is  desired,  this  plot  places  an  upper 
bound  of  between  O.J  and  0.2  deg  on  the  attitude 
excursions  induced  by  flexure.  This  maneuver  is  a  worst 
case  because  maximum  aileron  control  authority  was 
exercised. 

The  0-10  ms  time  lagging  latency  on  the  INU  data 
introduces  an  apparent  quasi-random  error  whose 
envelope  is  proportional  to  the  attitude  rate.  (See  roll 
eaor  plot) 

Summar)' 

A  summar)'  of  measurement  errors  for  all  the  maneuvers 
is  presented  in  Figure  10  and  in  Table  3. 
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Figure  10:  Summarj  of  INU  and  GPS  DifTerences 
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The  GPS.n.VL'  differences  are  simply  concatenated 
together  from  each  segment  of  the  flight  data.  In  each 
case,  the  error  is  formed  by  subtracting  the  GPS 
measurement  from  the  fNU  measurement. 

Since  the  plots  are  shown  in  flight  chronological  order, 
long-term  bias  trends  are  also  observable.  The  first 
segment  of  daui  was  taken  dunng  what  the  NASA  test 
pilots  characienzed  as  "moderate  turbulence". 

The  standard  deviation  of  the  disagreement  between  the 
INU  and  GPS  was  always  less  than  or  equal  to  0.05  deg — 
exactly  the  speciOcation  on  iJie  INU  readout. 

Table  3:  GPS/INL  Comparison  Results 


Pitch  Maneuvers  (±10.  20  and  30  deg): 

(deereesl 

mean                 sigma 

max 

Headinp 

-O.Oi                  0.03 

0.15 

Pitch     - 

O.W                 0.05 

0.16 

Roll             1          0.0?      1           0.04 

0.16 

Moderate  Turbulence: 


(deerees)            mean 

Sigma 

max 

Headjnc                  0.02 

0.03 

0.09 

Pitch                      0.03 

0.03                0.10 

Roll                       0.05 

0.02                0.11 

RoU  Reversals  (±15.  30.  45 

and  60  deg): 

(degrees)      1      mean 

siema 

max 

Headine 

-0.02 

0.03 

0.12 

Pitch 

0.08 

0.05 

0.22 

Roll 

-0.01 

0.05 

0.15 

Steadv  360  det  Turn  (45  dea  bank): 

(deerees) 

mean 

siema 

max 

Headine 

-0.01 

O.CW 

0.15 

Pitch 

0.10 

0.03 

0.20 

Roll 

0.02 

0.04 

0.14 

Steady  360  dee  Turn  (60  deg  bank): 

(degrees) 

mean 

sigma 

max 

Heading 

-0.02 

0.05 

0.18 

Pitch 

0.09      1          0.03 

0.23 

Roll 

0.03      1          0.04 

0.16 

Straicht  and  Level.  Calm  AJr: 


(degrees)            mean 

sigma 

max 

Headine                 -0.06 

0.02 

0.11 

Pitch                      008 

0.02 

0.13 

Roll                       0.00 

0.01 

0.03 

Slowly  drifting  biases  of  a  few  hundredths  of  a  degree 
appear  in  the  data.  The  total  differences  rarely  exceeded  a 
tenth  of  a  degree.  As  mentioned  in  the  above  discussion 
on  the  roll  reversal  maneuvers,  it  appears  likely  that 


there  is  still  some  residual  alignment  error  between  the 
GPS  and  INU  body  reference  frames 

SUGGESTIONS  FOR  FUTURE  RESEARCH 

The  comparison  between  GPS  and  INU  altitude  could 
probably  be  improved  by  a  factor  of  two  by  carrying  out 
three  improvements  in  the  expenment. 

•  Static  Alignment 

Performing  a  longer  static  measurement  before  and  after 
the  test  flight  would  improve  the  knowledge  of  the 
relative  alignment  between  the  INU  and  GPS  reference 
frames. 

•  Independent  Flexure  Measurement 

Measurement  of  fuselage  flexure  by  independent  means 
would  clarify  the  modeling  of  structural  deformation 
dunng  maneuvers.  A  simple  HeNe  laser  mounted  on  the 
INU  bulkhead  could  sight  along  the  fuselage  to  a  target 
at  the  rear  of  the  aircraft. 

•  INU  Time  Tagging 

Reducing  the  lime  tagging  latency  on  the  INU  data 
would  eliminate  the  quasi-random  element  in  the 
comparison  data  whose  envelope  is  proportional  to 
anitude  rates.   (See  Roll  Error  in  Figure  9.) 

CONCLUSIONS 

As  a  commercial  passenger  cranspon,  the  King  Air  did 
not  appear  to  possess  sufficient  aerodynamic  control 
authority  to  break  GPS  carrier  tracking  loop  lock  with 
dynamics  alone.  Nevertheless,  the  aircraft  provides  an 
excellent  testing  platform  on  par  with  flight  dynamics 
rarely  encountered  in  even  the  most  demanding  regimes 
of  commercial  passenger  and  general  aviation. 

Across  a  wide  and  strenuous  range  of  large-angle  dynamic 
maneuvers  (up  to  ±60  deg  of  roU  and  ±30  deg  of  pitch), 
GPS  altitude  determination  performed  accurately — even 
while  subject  to  interruptions  and  masking  of  individual 
GPS  satelliies  due  to  shading  during  the  course  of 
maneuver  execution. 

The  disagreement  between  the  INU  and  GPS  attitude 
seldom  exceeded  a  tenth  of  a  degree — even  in  the  presence 
of  structural  deformation  on  the  order  of  a  GPS 
wavelength  (19  cm).  The  standard  deviation  of  the 
difference  measurements  did  not  exceed  0.05  deg  for  any 
of  the  maneuvers.  The  specification  on  the  INU  attitude 
accuracy  is  0.05  deg  rms. 

Worst  case  structural  deformation  about  the  roll  axis 
due  to  exercising  maximum  aileron  control  authority 
places  an  upper  bound  of  between  0. 1  and  0.2  deg  of  roll 
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aililude  as  ihe.  very  worsi  case.  Nominal  aircraf; 
operation  is  unlikely  to  come  anywhere  near  ihis  figure. 

APPLICATIONS 

The  capability  of  using  GPS  for  attitude  determination 
on  aircraft  and  other  vehicle.';  opens  up  many  new 
applications. 

For  aircraft  operation,  GPS  offers  pilots  an  artificial 
horizon  and  directional  indicator  that  is  invulnerable  to 
drift  or  magnetic  variation.  The  sensor  could  serve  either 
as  primary  or  backup  to  the  existing  complement  of 
sensors  carried  on  aircraft.  GPS  attitude  determination  is 
also  likely  to  play  a  role  in  the  precision  landing  of 
aircraft  using  GPS.  integrity  monitoring  of  GPS.  and 
real-time  detection  of  wind  shear. 

For  aircraft-  instrumentation,  GPS  can  provide  attitude 
data  for  remote  sensing  experiments,  flight  testing,  and 
aircraft  system  identificatjon  to  enhance  flight  safety.' 

Applications  also  extend  to  space,  marine,  and  land 
vehicles  as  a  heading  and/or  attitude  sensor  or  as  a  means 
of  pointing  instrument  platforms. 
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Stanford  University 


ABSTRACT 

Extensive  flighi  testing  has  been  conducted  on  a  single- 
engine  Piper  Dakota  to  explore  new  applications  of 
attitude  determination  using  GPS  for  aircraft.  Combined 
with  the  navigation  function  of  GPS,  real  lime  heading 
and  attitude  sensing  at  10  Hz  to  better  than  0.1  deg  RMS 
using  GPS  offers  an  attractive  supplement  to  existing 
cockpit  instrumentauon.  An  exciting  new  application  of 
altitude  sensing  using  GPS  is  the  estimation  of  the 
aircraft  dynamic  model  inflight.  Dynamic  response  data 
obtained  through  GPS  can  be  used  to  estimate  aircraft 
stability  derivatives,  design  optimal  autopilots,  and 
augment  RAIM.  Real  time  estimation  of  wing  flex 
using  GPS  to  measure  instantaneous  wing  loading  is  an 
added  benefit 

Cycle  ambiguities  are  resolved  through  ihe  natural 
aircraft  attitude  motion,  consisting  of  banks,  turns,  or 
small  attitude  motion.  Attitude  motion  modulates  the 
measurements  of  GPS  carrier  phase  with  a  signature  that 
is  used  to  identify  the  cycle  ambiguities  within  seconds. 
Unlike  search  techniques,  the  motion-based  approach  is 
not  vulnerable  to  false  solutions,  even  for  arbitrarily 
long  baselines. 

The  paper  presents  and  analyzes  flighi  data  showing  the 
short-period,  phugoid,  and  Dutch  roll  modes  resulting 
from  impulsive  inputs  to  the  controls. 


Figure  1:  Piper  Dakota  outntted  with  GPS  Attitude 


INTRODUCTION 

Altitude  determination  is  an  exciting  new  application  of 
GPS  to  aviation.  Not  only  does  it  offer  an  efficient  and 
cost-effective  real-time  heading  and  attitude  reference  for 
the  pilot,  it  has  the  potential  to  provide  high  quality 
dynamic  response  data  to  feed  into  autopilot  design.  By 
applying  impulses  to  the  flight  controls,  a  pilot  can 
completely  characterize  the  aircraft  dynamics  within 
minutes. 

The  commonality  of  GPS  receiver  hardware  used  for  en- 
route  navigation,  precision  landing,  and  attitude  implies 
that  a  single  GPS  receiver  could  effectively  perform  the 
functions  of  more  than  half  of  the  cockpit  instruments 
currently  in  use. 

Sub-centimeter  accuracy  position  measurements  of 
aircraft-mounted  antennas  are  the  key  to  attitude 
determination  using  GPS.  With  poteniial  bandwidth 
capability  reaching  well  above  the  dynamics  of  most 
aircraft'  the  performance  of  real-time  atiitude  using  GPS 
is  very  attractive. 

This  paper  describes  the  flight  lesi  results  from  the 
installation  of  GPS  attitude  sensing  on  the  single-engine 
Piper  Dakota  shown  in  Figure  1.  Four  GPS  microstrip 
patch  antennas  were  mounted  on  the  airframe,  located  on 
the  fuselage,  tail,  and  wing  lips.  Figiu'e  2  shows  a  close- 
up  of  a  wing-mounted  antenna. 

The  Trimble  TANS  VECTOR  attitude  receiver  was  used 
as  the  sensor  for  the  experiments.  A  486  laptop 
computer  provided  both  real-lime  display  and  data 
recording  for  post-flight  analysis.  The  receiver  was  set 
to  issue  measurements  at  a  10  Hz  output  rate. 

The  receiver  accommodates  up  to  four  antennas  for 
attitude  sensing.  In  addition  to  providing  concurrent 
GPS  positioning,  the  receiver  can  be  configured  to 
measure  carrier  beat  phase  for  precision  kinematic 
positioning. 

During  the  lest  flights  over  the  California  coast,  a  base 
station  receiver  was  set  up  at  Stanford.    The  reference 
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Figure  2:  GPS  Antenna  Mount  on  Rifiht  Wing 


measurements. were  used  to  obtain  precise  kinematic 
position  solutions  in  post-processing  as  part  of  the 
dynamic  response  testing. 

RECEIVER  OPERATION 

The  carrier  phase  cycle  ambiguities  can  be  resolved  either 
on  the  ground  or  in  the  air  by  using  the  motion-based 
approach  outlined  in  the  next  section.  Throughout  the 
banks  and  turns  of  normal  operation,  the  GPS  satellites 
in  view  are  frequently  obscured.  Each  time  a  satellite 
becomes  visible,  its  integers  are  assigned  based  on  the 
current  altitude  solution  that  has  been  computed  from 
the  other  satellites  already  in  view.  For  steep  angle 
maneuvers,  this  "integer  hand-off  from  satellite  to 
satellite  results  in  seamless  operation  under  dynamics. 
Throughout  normal  operaiicr.  during  the  test  flights. 
integer  lock  was  never  lost. 

Because  the  design  of  the  receiver  is  based  on  a  common 
local  oscillator,  it  is  possible  to  perform  a  complete 
attitude  solution  with  only  two  GPS  satellites.  The 
payoff  is  that  the  receiver  is  able  to  hold  on  to  attitude 
and  integer  lock  continuously,  even  during  steep  angle 
maneuvers  when  some  satellites  become  obscured. 
Although  position  solutions  may  be  interrupted 
momentarily,  attitude  output  is  unaffected.  During  the 
flight  tests,  the  receiver  could  routinely  handle  360  deg 
turns  with  a  45  deg  bank  angle  without  losing  attitude 
lock. 

Each  attitude  solution  is  comprised  of  a  four  parameter 
state  thai  includes  heading,  pilch,  roll,  and  instantaneous 
wing  flex.  A  diagram  of  the  aircraft  body  axes,  GPS 
anicnna  placement,  and  wing  flex  states  is  shown  in 
Figure  3. 

The  capacity  to  estimate  wing  flex  is  a  remarkable  facet 
of  the  attitude  determination  problem.  Not  only  docs 
including   this   state  improve   the  accuracy   of  the 
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Figure  3:  Antenna  Placement  and  Axis  Dennitions 


Pitch  (deg)_ 


Time  (seconds) 
Figure  4:  Landing  at  Half  Moon  Bay 

attitude  solution  (especially  in  turbulence),  some 
interesting  applications  result.  Most  importantly,  it 
provides  a  real-lime  indication  of  wing  loading.  By 
scaling  the  measurement  units,  wing  flex  can  be 
convened  to  g's  of  vertical  acceleration.  The  result  is 
that  the  structural  deformation  of  the  aircraft  under 
stress  as  measured  by  GPS  can  be  used  as  an 
accelerometer! 

Wing  flex  during  landing  is  shown  in  Figure  4.  At  the 
left  of  the  plot,  the  aircraft  is  still  airborne  and 
undergoing  maneuvers  that  visibly  strain  the  wings.  At 
touchdown,  the  airspeed  and  angle  of  attack  drop,  and  the 
wings  relax  to  their  nominal  unstressed  displacement. 
The  aircraft  finally  slows  to  taxi  speed  at  the  far  right  of 
the  plot 

During  nose  down  (low-g)  maneuvers  in  the  Piper  test 
flights,  the  feeling  of  weightlessness  experienced  by  the 
occupants  was  accompanied  by  a  corresponding  reduction 
in  the  wing  flex  readout  from  GPS. 

CYCLE  AMDIGUITV  RESOLUTION 

Cycle  ambiguity  resolution  -  tSs  process  of  determining 
how  many  integer  wavelengths  lie  between  a  given  pair 
of  antennas  in  ihe  direction  of  a  given  GPS  satellite  -  is 
the   key   bootstrapping   step   to  performing  attitude 
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dcicrminaiion.  The  mcihod  used  lakes  advaiitagc  of  ihc 
aircrafl  angular  motion  lo  derive  ihc  inieger  ambiguities 
in  an  analyucal  form. 

Previous  authors^--'  have  resorted  to  ihc  integer  search 
approach.  In  an  integer  search,  different  combinations  of 
integer  candidates  (which  can  number  in  the  hundreds  of 
millions  for  antenna  separations  of  even  just  a  few 
meters)  arc  systematically  checked  against  a  cost 
function  until  the  "correct"  set  is  found. 

While  many  innovative  schemes  have  been  synthesized 
for  improving  the  efficiency  of  the  search  process,  none  of 
these  can  possibly  address  the  fundamental  liability  of 
their  foundation:  the  search  method  itself.  lis  greatest 
weakness  is  its  propensity  to  arrive  at  wrong  solutions. 
The  motion-based  approach  adopted  here  shares 
absolutely  none  of  these  weaknesses  and  provides  some 
rather  distinct  advantages.  The  key  differences  are 
outlined  as  follows; 

1)  Reliability:  Integer  search  techniques  are  vulnerable 
to  frequent  false  solutions.  This  problem  is 
exacerbated  by  increasing  antenna  separation.  In  the 
case  of  the  motion-based  approach,  however,  ihe 
integers  are  obtained  analytically.  It  is  then  very 
easy  to  check  analytically  if  there  is  enough 
information  to  resolve  the  integers  rather  than 
having  to  guess. 

2)  Robustness:  The  motion-based  approach  degrades 
gracefully  in  situations  where  the  vehicle  parameters 
are  way  out  of  specification,  (Suppose  the  host 
aircraft  has  been  damaged  somehow  in  flight.) 
Search  methods  fail  altogether  in  these  situations, 
while  the  motion-based  approach  can  continue  lo 
provide  accurate  (although  partially  degraded) 
results. 

The  idea  behind  motion-based  integer  resolution  is  to  take 
advantage  of  the  constraints  imposed  on  the  differential 
phase  measurements  originating  from  the  rigid  body 
mounting  of  the  antennas. 

Reference  4  describes  a  transformation  for  identifying 
the  integers  for  a  single  baseline  based  on  motion.  In  the 
following  development,  this  motion-based  approach  is 
extended  to  multiple  baselines  by  including  terms 
associated  with  cross-corrclaiion  of  measurements  across 
different  baselines.  In  doing  so,  a  significani  limitation 
of  the  original  method  is  overcome,  namely  that  inieger 
resolution  is  possible  with  rotation  about  only  a  single 
axis  of  rotation. 

Without  knowledge  of  the  integers,  it  is  possible  lo 
determine  a  position  between  two  antennas  relative  to  an 
unknown  starting  point.  Since  both  antennas  share  a 
common  local  oscillator,  only  three  satellites  (one  for 
each  Cartesian  spatial  dimension)  are  required  to  extract 
this  information. 


Plane  Normal  to  Displacement  Vccior' 
Displaced  Baselines  / 


Figure  5:  Cycle  Resolution  using  Large  Angle  Motion 


Suppose  that  a  baseline  vector,  x  (3x1),  connecting  two 
antennas  rotates  in  space  as  shown  in  Figure  5.  Since 
differential  positioning  is  employed,  no  generality  is 
sacrificed  by  assuming  that  the  tail  of  the  vector  stays 
fixed.  The  baseline  vector  is  moved  by  Ax  (3x1)  to  two 
different  locations  at  two  different  times,  1  and  2. 

If  a  plane  is  constructed  perpendicular  to  each  Ax  vector 
passing  through  its  midpoint,  note  that  the  center  of  the 
sphere  must  be  included  in  that  plane.  By  simultaneously 
considering  each  Ax  vector,  the  center  of  the  sphere  can  be 
located  and,  hence,  the  initial  position,  x,  of  the  baseline. 

Mathematically,  the  solution  may  be  developed  by 
constructing  the  square  of  Ihe  norm  of  the  rotated 
baseline  vector,  x+Ax,  given  as 

(J:-^Axf  (i-fAx)  =  j:''j:  +2Ax'^x  -t-Ax''Ai; 

Noting  that  the  left  side  is  equal  to  the  square  of  the 
baseline  length  as  is  x^i.  the  two  terms  may  be  canceled: 

2Ax'^x=-Ax'^Ax 

Different  Ax  vectors  taken  at  n  different  times  (indicated 
by  a  superscript)  may  be  stacked  as  follows 


Ax""' Ax"' 
Ax«"'Ax™ 

Ax'"""Ax<"' 
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Then  ihc  baseline-soluiion  i  may  be  obtained  through  a 
linear  leasi-squa/cs  Hi.  Each  Ax  vector  defines  a  subspacc 
in  which  the  slave  antenna  must  lie.  The  baseline  is  then 
the  point  which  comes  closest  to  this  condition  in  a  least- 
squares  sense. 

A  convenient  shorthand  notation  for  this  least-squares 
fit  is  given  by 

2AA-'";t  =  -dia£(AX''AX) 


AX  (3x«)s[Ar<'>At™    -    Ax""] 

and  diag(  )  corresponds  to  a  vector  (/ixl)  comprised  of 
the  diagonal  elements  of  the  argument  (nxn). 

Unfortunately,"  large  angle  rotation  about  both  of  the 
two  axes  perpendicular  to  the  baseline  is  always  required 
to  completely  resolve  the  integer  ambiguities.  To  see 
this,  note  that  Figure  5  depicts  the  special  case  where 
rotation  occurs  about  only  a  single  axis  (the  one  coming 
out  of  the  page).  The  intersection  of  the  planes 
perpendicular  to  the  Ax  vectors  is  a  line  rather  than  a 
point  Imagine  if  the  true  baseline  location  were  actually 
out  of  the  plane  of  the  page.  Given  any  noise  on  the 
measurements,  it  is  difficult  to  establish  ihe  correct 
perpendicular  component  of  position  because  the 
observation  matrix  is  not  full  rank.  Rotation  about  a 
single  axis  does  not  lend  itself  lo  robust  cycle 
resolution. 

To  address  the  shortcoming  of  requiring  two-axis 
motion,  it  is  suggested  here  that  information  from 
multiple  baselines  be  combined  into  a  single 
simultaneous  estimation  equation.  The  idea  is  to  use  the 
constraint  equation  between  different  baselines  i  and  j  as 
well: 

(x,+Ax.f(x,-t-Ai^)  =  xrx,  -fxf  Ax,  +&xjxj  +Ax[AXj 

Again  the  dot  product  of  each  baseline  pair  is  constant, 
and  the  corresponding  term  may  be  canceled  from  both 
sides.  The  result  is 

Axjx,  +Ax[x,  =-AxfAx, 

Combining  Ax  measurements  from  n  different  times,  this 
form  may  be  expanded  as  follows: 


Ax]"^ 

Ax,""" 

Ax"'^ 

Ax'p'^ 

'i  + 

">  =  - 

Ax)""" 

Ar;""" 

Invoking  the  same  matrix  notation  as  above,  the  entire 
initial  guess  for  the  case  of  the  three  baselines  shown  in 
Figure  6  can  be  combined  into  a  single,  unified  least- 
squares  equation: 


iiXl    iiX]       0 

AYj       0      AX 

0      AX[    AX 

2AX[      0         0 

0     2AXj      0 

0         0     TAXl 


diag(AX[AXj" 
diagiAX^AXj) 
diaglAX^Axj 
diag(AX[AX,) 
diaglAJ^jAXj) 
diagJAX^AXj) 


The  left-hand  matrix  is  now  6nx9,  the  solution  vector  is 
9x1,  and  the  right  hand  vector  is  6nxl.  Note  that /or 
small  angle  motion,  this  matrix  form  reduces  exactly  to 
the  form  developed  in  Reference  1 . 

Two  important  advantages  fall  out  of  this  approach. 
First,  no  a  priori  information  about  the  antenna 
placement  is  required  to  unambiguously  solve  for  all  3  of 
the  three  initial  baseline  vectors  (3  components  each,  9 
total  dimensions).  Note  that  it  is  the  measurements 
themselves  that  are  providing  all  the  geometrical 
information.  Therefore,  this  approach  could  be  applied  to 
in-flighl  self-calibration  of  GPS  antennas. 

Second,  for  non-coplanar  baseline  configurations,  a  single 
axis  of  rotation  is  entirely  adequate  for  an  unambiguous 
baseline  vector  solution.  This  eliminates  most  of  the 
dependency  on  the  type  of  motion  that  the  antennas  must 
undergo  before  there  is  sufficient  information  to  resolve 
the  cycle  ambiguities. 

In  practice,  it  likely  that  the  integers  will  be  resolved 
through  static  means  long  before  the  aircraft  engines  are 
turned  on.    But  as  a  second  tier  of  redundancy,  this 


Axj 


n 


Figure  6:  Single  Axis  Rotation  of  3  Baselines 
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approach  allows  the  aircrari  to  idcniify  the  integers  with 
only  a  small  turn  on  the  Dxiway.  The  integers  are 
practically  guaranteed  to  be  known  within  the  first  few 
seconds  of  taxiing.  Once  the  integers  are  established,  it  is 
rare  that  they  would  ever  need  to  be  resolved  again  for 
the  remainder  of  the  flight. 

AIRCRAFT  APPLICATIONS 

Attitude  determination  using  GPS  is  likely  to  have  a 
profound  influence  on  aircraft  in  the  future.  A  partial 
list  of  applications  is  provided  here: 

•  Heading  and  Attitude  Sensing 

Heading  and  attitude  sensing  based  on  GPS  is  especially 
attractive  because  the  readout  is  immune  to  drift  and 
magnetic  variation. 

•  Estimation  of  Winds  Aloft/Wind  Shear  Detection 

When  combined  with  GPS  ground  velocity  and  pitot 
airspeed,  altitude  holds  the  key  to  providing 
instantaneous  vector  measurements  of  winds  aloft.  This 
capability  is  useful  not  only  for  aiding  route  planning 
but  also  as  a  means  for  detecting  downdrafis  or  wind 
shear  upon  laJceoff  or  landing. 

•  Precision  Landing 

The  precision  landing  problem  using  GPS  implicitly 
requires  attitude  sensing.  For  kinematic  positioning  at 
the  sub-meter  level,  knowledge  of  the  landing  gear 
position  is  the  principal  focus,  not  knowledge  of  the  GPS 
antenna  position. 

•  System  Identification  and  Autopilot  Synthesis 

A  new  and  exciting  application  of  altitude  determination 
is  using  it  to  identify  the  aircrafi  dynamic  model.  The 
idea  is  that  a  pilot  can  supply  inputs  to  ihe  controls  Ihat 
excite  a  dynamic  response.  This  response  can  be  measured 
quantitatively  with  GPS  and  used  to  reconstruct  an 
accurate  model  of  the  aircraft  dynamics.  The  model  then 
serves  as  the  foundation  for  optimal  autopilot  synthesis. 

•  Receiver  Autonomous  Integrity  Monitoring  (RAlMj 

Extending  the  system  identincation  idea  further,  it  is 
possible  that  model  estimation  can  be  carried  out 
continuously  in  flight.  Funhermore,  should  any  off- 
nominal  conditions  arise  -  either  with  the  GPS  system  or 
the  aircraft  itself  -  the  system  could  warn  the  pilot 
immediately. 

In  effect,  the  dynamic  model  adds  a  new  set  of  constraints 
to  the  position  fixes  performed  by  the  navigation 


Time  (seconds) 
Figure  7:  Short  Period  Mode  Impulse  Response 

equipment.  These  contraints  provide  an  additional  line  of 
defense  against  a  variety  of  GPS  positioning  failure 
modes,  leading  to  an  overall  improvement  in  GPS  system 
integrity. 

DYNAMIC  RESPONSE  RESULTS 

In  the  Piper  flight  tests,  position  and  attitude  data  were 
collected  in  response  to  impulsive  inputs  to  the  elevator 
and  rudder.  After  the  impulse  was  applied,  the  controls 
were  left  free. 

Initial  efforts  focus  on  the  longitudinal  dynamics  of  the 
aircraft.  The  elevator  input  excites  two  distinct 
oscillatory  modes  of  aircraft  dynamics:  the  short  period 
mode  and  the  phugoid  mode. 

The  short  period  mode  consists  predominantly  of  pitch 
attitude  dynamics  as  the  tail  acts  to  align  the  aircrafi  into 
the  wind.  On  the  Piper,  the  short  period  transient  is  over 
after  only  a  couple  of  seconds.  Figure  7  shows  an 
example  of  the  short  period  mode.  Note  the  10  Hz 
sampling  rate  and  the  frequency  content  of  the  signal 
being  tracked. 

The  phugoid  mode,  a  slow,  periodic  exchange  between 
kinetic  and  potential  energy,  lasts  much  longer.  Its 
period  for  the  Piper  at  nominal  cruising  speed  is  about 
half  a  minute.  The  phugoid  is  predominantly  a 
translational  mode,  although  the  pitch  attitude  generally 
corresponds  to  the  flight  path  angle.  It  is  generally 
lightly  damped  and  can  persist  for  quite  a  few  minutes 
before  settling  out. 

Figure  8  shows  a  sample  of  the  phugoid  mode  data.  The 
first  plot  shows  the  pitch  angle  of  the  aircrafi  plotted 
versus  lime.  Kinematic  positioning  measurements  also 
reveal  the  relative  altitude  and  along  track  position.  The 
along  track  relative  position  was  obtained  by  subtracting 
out  the  constant  velocity  component  of  position.  Last, 
the  instantaneous  wing  flex  is  shown  with  a  remarkable 
accuracy  of  1.4mm  RMS.  This  figure  shows  the  subtle 
aeroelaslic  strain  on  the  aircraft  structure  induced  by  the 
natural  dynamics  of  the  phugoid  mode. 
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Figure  8:  Piper  Dakota  Phugoid  Mode  Stale  Estimates 
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Along  Track  Relative  Position  (m) 
Figure  9:  riiugoid  Mode  Relative  Position 

Kinematic  posiiioning  also  enables  the  construction  of 
(he  relative  position  plot  shown  in  Figure  9.  This  spiral 
trajectory  is  the  view  that  would  be  seen  from  another 
aircraft  flying  parallel,  straight,  and  level. 

These  phugoid  plots  -  along  with  the  other  impulse 
responses  -  contain  a  wealth  of  information  regarding  the 
aircraft  dynamics.  Table  1  provides  the  natural 
frequency,  tuy, .  and  damping,  f.  for  each  mode. 

Table  I:   Piper  Dakota  Longitudinal  Modes 


Indicated  Air  Speed: 
Altitude: 


120  knots 
7500  ft 


modeNparameter 

w„  (rad/scc') 

<: 

short  period 

6.32 

0.41 

phucoid 

0.236 

0.063 

A  phasor  (eigenvector)  diagram  of  the  measured 
parameters  of  the  phugoid  is  shown  in  Figure  10.  This 
diagram  shows  the  relative  phases  of  the  altitude.  A.  the 
altitude  rate,  h  ,  the  along  track  position  and  velocity,  x 
and  u.  respectively,  the  pitch  angle,  8,  and  the  wing  flex. 

Even  from  an  elementary  consideration  of  conservation 
of  energy,  one  can  obtain  a  coarse  approximation  for  the 
aspect  ratio  of  the  phugoid  spiral.  This  argument 
suggests  that  the  classical  spiral  should  be  taller  than  its 
width  by  a  factor  of  vT.  The  experimental  value  comes 
out  to  be  quite  reasonable  at  1.3. 

More  accurate  derivations  of  the  dynamic  response  arc 
based  on  the  stability  derivatives  of  the  aircraft.^  Each 
stability  derivative  is  a  sensitivity  parameter  describing, 
for  example,  how  a  moment  or  force  on  the  aircraft 


changes  with  respect  to  a  particular  state  variable.  From 
the  aircraft  equations  of  motion,  the  natural  frequency 
and  damping  of  the  phugoid  mode  can  be  expressed  as 


2Ca,=-X, 


U. 


Mo 


M, 


where  g  is  the  Earth's  gravitational  acceleration,  Uo  is  the 
nominal  unperturbed  airspeed,  and  the  other  parameters 
are  stability  derivatives  of  forces  (X  and  2  dcflned  in 
Figure  3)  and  the  pilch  moment.  M,  with  respect  to  small 
changes  in  airspeed  (u  and  v  in  Figure  3)  and  angle  of 
attack,  a. 

In  many  cases  it  is  possible  to  simplify  these  expressions. 
For  the  Piper  Dakota,  it  appears  that  the  second  term  in 
the  expression  for  natural  frequency  is  neglectable. 
Furthermore,  it  is  possible  to  apply  the  standard  subsonic 
approximations  by  assuming  that  the  change  in 
coefficient  of  lift  is  independent  of  u  and  that  Zu  is  given 
by  setting  the  trimmed  lift  and  weight  equal.  The 
resulting  expression  for  natural  frequency  becomes 

This  result  matches  the  GPS  experimental  data  to  within 
a  few  percent.  But  what  is  extraordinary  is  that  through 
this  relation.  GPS  measurements  alone  are  sufficieni  lo 
make  estimates  of  both  airspeed  and  ground  speed 
without  the  use  of  any  other  sensor. 


Real  Component 
Figure  10:  Phasor  Diagram  of  Phugoid  Mode 
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Figure  11:  Dutch  Roll  Mode  Impulse  Response 

Other  information  about  the  stability  derivatives  can  be 
obtained  from  the  relative  amplitude  and  phase  of  the 
obsen-able  quantities.  For  example,  the  phase  difference 
between  u  and  6  yields  the  ratio  of  pitch  moment 
stability  derivatives: 


GPS  attitude  sensing  also  provides  a  wealth  of 
information  on  the  lateral  dynamic  modes  as  well. 
Figure  1 1  shows  the  aircraft  response  to  a  rudder  kick. 
The  Dutch  roll  mode  is  clearly  seen  as  an  interchange 
between  roll  and  heading  angles.  It  also  appears  that  the 
spiral  divergence  mode  has  been  excited. 

SUMMARY 

The  availability  of  high  fidelity  measurements  of 
attitude  and  position  from  GPS  offers  the  unique 
possibility  of  easily  performing  aircraft  dynamic  model 
estimation.  Given  the  relatively  low  cost  of  receiver 
equipment,  it  appears  that  even  continuous,  real-time 
estimates  of  dynamic  parameters  is  feasible.  The  end 
result  is  more  efficient  autopilots  and  safer  air  travel. 

CONCLUSION 

An  advanced  GPS  attitude  determination  receiver  has 
been  developed  with  an  output  rale  of  10  Hz  and  accuracy 
better  than  0.1  deg  for  a  3  m  baseline.  This  receiver  was 
flown  in  a  single  engine  Piper  Dakota  for  extensive 
flight  testing. 

Cycle  ambiguities  arc  resolved  for  aircraft  applications 
by  taking  advantage  of  the  motion  of  the  antenna  array 
during  single-axis  turns  on  the  ground  or  banked  turns  in 
the  air. 


raw  measurements  are  stacked  into  a  system  of  linear 
equations  in  9-spacc. 

Estimation  of  wing  flex  to  an  accuracy  of  1.4mm  is 
demonstrated  as  a  method  for  obtaining  instantaneous 
wing  loading.  Such  accurate  positioning  with  GPS 
effectively  uses  the  structural  deformation  of  the 
aircraft  under  stress  as  an  accelerometer. 

The  applications  of  GPS-based  attitude  determination  to 
aircraft  are  explored.  The  aircraft  dynamic  model  is 
estimated  using  GPS  exclusively. 

The  period  of  the  phugoid  mode  is  used  to  obtain  an 
estimate  o(  airspeed  derived  exclusively  from  GPS. 

The  possibility  of  using  GPS  to  continuously  estimate 
dynamic  parameters  is  explored  as  a  means  for  improving 
efficiency  and  safety. 

ACKNOWLEDGMENTS 

Special  thanks  go  to  Professor  J.  David  Powell  of 
Stanford's  Department  of  Aeronautics  and  Astronautics 
for  providing  his  Piper  Dakota  and  skillful  piloting  for 
these  flight  tests.  The  assistance  of  Stewan  Cobb  is  also 
greatly  appreciated. 

The  authors  gratefully  acknowledge  Trimble  Navigation, 
Ltd.  for  donating  the  GPS  receiver  hardware  used  to 
perform  these  experiments. 

REFERENCES 

1.  C.E.  Cohen  and  B.W.  Parkinson,  "Expanding  the 
Performance  Envelope  of  GPS-Based  Attitude 
Determination",  ION  GPS-91.  Albuquerque,  NM, 
SepL,  1991. 

1  R.A.  Brown,  "Instantaneous  GPS  Attitude 
Determination",  IEEE  PLANS  1992,  Monterey,  CA 
March,  1992. 

3.  F.  van  Graas,  and  M.  Braasch,  "GPS  Interferometric 
Attitude  and  Heading  Determination:  Initial  Flight 
Test  Results",  Navigation,  Vol.  38,  pp.  297-316. 

4.  R.  Brown  and  P.  Ward,  "A  GPS  Receiver  with  Built- 
in  Precision  Pointing  Capability",  IEEE  PLANS, 
Las  Vegas.  NV,  March,  1990,  pp.  83-93. 

5.  D.  McRuer.  I.  Ashkenas,  D.  Graham,  Aircraft 
Dynamics  and  Automatic  Control,  Princeton  Univ. 
Press.  Princeton.  1973. 


An  efficient  approach   to  estimating  the  integers  is 
presented  whereby  relative  position  vectors  derived  from 


145 


INFORMATION  TECHNOLOGY  ' 


KGLS  TECHNIQUE 
SHARPENS  GPS  ACCURACY 

PHILIP  J   KIASS/WASHINGTON 

Anew  technique  recently  demonstrot-  of  the  1 .5  GHz.  carrier  frequency  on  threshold,  while  a  third  pseudolite  might 
ed  by  Slonlord  University  scientists  which  the  coded  signol  is  modulated,  be  located  near  the  for  end  of  the  run- 
could  increase  the  accuracy  of  the  Glob-  Such  carrier  phase  tracking  techniques  way.  During  the  initial  portion  of  an  oir- 
al  Positioning  System  (GPS)  enough  thol  ore  being  used  for  lond  surveying  appli-  craft's  instrument  approach,  it  would  use 
it  possibly  could  be  used  in  Category-3  cations  where  the  GPS  receiver  can  re-  conventional  OGPS  (PRN  code)  to  deter- 
instrument  landings.                                            moin  fixed   for   an  extended   period   of  mine    its    approximate    locotion    and 

The   Stonford   flight   tests   indicote  the      time  to  resolve  what  is  called  "integer  cy-  altitude, 

new   technique— called    Kinematic   GPS      cle  ombiguities."  As  the   aircraft  opprooches  the  dual 

Landing  System  or  KGLS— con  determine          RESOLVING  CYCLE  AMBIGUrTY  is  possi-  pseudoliles,  it  would  acquire  their  signals 

oircrafi  altitude  to  within  1  ft.,  according      ble  becouse  of  Doppler  shihs  in  the  carri-  enabling  it  to  moke  the  transition  to  more 

to  Clork  E    Cohen,  who  heads  the  Stan-      er  frequency  of  eoch  GPS  signol  created  accurate  carrier-phase  trocking  for  the  fi- 

ford  team  thot  developed  the  technique,      by  eoch  satellite's  orbitol  motion  relative  nol  portion  of  the  approach.  The  rapid 

The  tests  were  conducled  using  GPS  re-      to  o  fixed  GPS  receiver  antenna.  But  re-  change  in  the  angle  from  which  the  air- 

ceivers  provided  by  Trimble  Novigotion,      solving   such   cycle   ambiguities   from   o  croft  receives  the  pseudolite  signals  re- 

Ltd.                                                                         moving  dircrofl  is  much  more  challenging  suits  in  a  ropid  change  in  the  Doppler 

Experimentol  verification  wos  obtained      because  of  the  difficulty  of  distinguishing  shift  of  their  carrier  frequencies  com- 

in  flight  tests  recently  conducted  at  the      Doppler  shift  due  to  aircraft  motion  from  pored  to  the  Doppler  shift  of  signals  from 

Polo  Alto,  Colif.  airport,  which  were      that  caused  by  satellite  motion.  GPS  satellites. 

The  Stonford  University  technique  does  Simultaneously,   the  ground   reference 

this  by  using  ground-based  "pseudolites,  station   is  receiving   signols  from  the 

which  radiate  low-level  GPS-like  signals,  pseudolites  with  no  Doppler  shift,  os  well 
as  from  the  GPS  satellites.  Because  the 

A  new  corrier  phase  lrackii>g  technique  geogrophic  location  of  the  ground  refer- 

(or  enhancing  GPS  accuracy  uses  o  ence  station  has  been  established  pre- 

ground  reference  station  and  pseudolites  cisely  and  it  con  trock  GPS  satellites  for 

to  radiate  GPS-like  sigrrals.  on  extended  period  of  time,  the  ground 


funded  by  the  FAA.  The  tests  were  corv 
ducted  using  the  some  Piper  Dakota  eorli- 
er  outfitted  to  demonstrate  use  of  GPS  sat- 
ellite signols  and  inter  ferometry 
techniques  to  measure  aircraft  heading 
ond  attitude  to  belter  than  0.1  deg. 
(AWiSr Nov.  30,  1992,  p  52). 

KGLS  extends  the  capability  of  differ- 
entiol-GPS  (DOPS),  in 
which  local  areo  cor- 
rections are  transmit- 
ted to  oircrafi  receiv- 
ers, and  is'  expected 
to  provide  sufficient 
accuracy  for  Cat- 
egory 1  instrument 
opprooches.  But  its 
projected  verticol  oc- 
curacyofobout  10-15 
ft.  is  not  odequote  for 
lower  visibility  Cot  2 
and  Cot.  3  conditions, 
which  require  occuro- 
cies  of  6  ft.  and  2  ft., 
respectively. 

Conventionol  civil 
GPS  receivers  use  the 
pseudo-rondom  noise 
(PRN)  code  signols 
emitted  by  GPS  satel- 
lites to  obtain  on  urv 
ambiguous  meosure 
of  the  dislonce  to  each 
of  four  or  more  satel- 
lites from  which  oir- 
crafi position  ond  height  con  be  colculot-  together  with  a  ground-bosed  reference  reference  station  con  readily  measure  the 
ed.  For  civil  users,  this  provides  on  stotion  which  receives  signals  from  both  carrier  pfnase  information  needed  by  the 
occurocy  of  about   1 00  meters  (300  ft.)      GPS  satellites  and  pseudolites.  oircrafi  to  resolve  cycle  ambiguity, 

or  about  3-5  meters  (10-15  ft.)  if  correct-  Current  thinking  is  thot  in  an  operation-  This  information  would  be  tronsmitted 

ed  with  locol-oreo  D-GPS.  ol  configuration,  two  pseudolites  would     vio  o  third  pseudolite  at  the  end  of  the 

The  improved  accuracy  of  KGLS  is  ob-      be  locoted  along  the  approoch  poth,  situ-      runway,   using   the  data   link  capability 
lained  by  meons  of  phase  meosurements      oted   possibly    1-2   km.   from   runwoy      contained  in  the  GPS  signal  code.  This 
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enables  rhe  oircrofl  to  moke  the  transition 
to  corner  phose  trocking  and  occurotely 
calculate  its  position  relotive  to  the 
ground  reference  stoiion,  end  hence  to 
the  runwoy.  The  third  pseudolite  signal 
also  provides  o  redundont  means  for  the 
aircraft  to  determine  its  distance  from  the 
runwoy, 

COHEN  NOTtS  thot  previous  concepts 
for  resolving  the  cycle  ambiguity  problem 
from  aircroh  in  flight  required  thot  ot  least 
five,  ond  preferably  more,  operational 
GPS  satellites  be  within  view  whereos  the 
Stonford  technique  requires  only  four. 

Although  the  oircroft  would  use  carrier- 
phase  tracking  for  the  final  portion  of  the 
opproach  and  londing,  the  less  accurate 
PRN  code  could  be  used  to  provide  a 
semi-independent  means  of  verifying  the 
integrity  of  guidonce  obtained  from  corri- 
er-phose  trocking 

in  the  recent  feosibility  demonstrotion 
flight  tesfs,  the  oircroft  wos  not  outfitted 
with  the  necessary  computation  copabili- 
ty  to  determme  aircraft  position  in  real 
time.  Insteod,  the  data  wos  recorded  for 
subsequent  processing  on  the  ground. 

The  next  phase  m  the  Stanford  pro- 
arom  colls  for  developing  the  required 
reoi-time  dolo  processing  capability  for 
flight  test  demonstrotion.  Cohen  soid  he 
hopes  to  be  able  to  demonstrate  real-time 
occurocies  of  "o  few  tens  of  centimeters" 
corresponding  to  obout  one  foot. 

For  the  corrier-phose  tracking  port  of 
the  tests,  the  Piper  Dakoto  wos  outfitted 
with  a  Trimble  TANS  Qucdrex  GPS  re- 
ceiver which  was  connected  to  a  belly- 
mounted  GPS  potch  ontenno  and  anoth- 
er antenno  installed  atop  the  fuselage. 
This  some  topside  ontenno,  plus  two  oth- 
ers installed  on  the  wing  tips  ond  o  fourth 
on  the  verticol  stabilizer,  feeding  o  sec- 
ond Trimble  TANS  receiver,  were  used 
for  GPS  otiilude  determinotion  \r  reol- 
fime.  A  third  Trimble  receiver  wos  used  in 
the  ground  reference  station. 

For  the  initiol  flight  tests,  a  single 
pseudolite  tronsmitter  was  locoted  1  km. 
from  the  runway  threshold.  This  made  it 
possible  to  meosure  oircroft  altitude  ond 
distonce  to  threshold,  but  not  cross-track 
deviation.  More  recently  Stanford  hos  in- 
stolled  a  second  pseudolite  to  measure 
cross-track  position. 

Multipotfi  GPS  signal  reflections  from 
buildings  con  couse  errors  of  several  feel 
when  the  PRN<oded  signols  ore  used  to 
determine  oircroft  position  ond  height. 
However,  when  corner  phose  tracking  is 
used,  the  errors  coused  by  mulfipoth  ore 
greatly  reduced,  according  to  Cohen. 
Techniques  to  minimize  multipalh  effects 
hove  been  developed,  but  these  will  in- 
crease the  cost  of  GPS  receivers. 

It  is  still  premoture  to  estimate  the  cost  of 
outfitting  on  oirport  or  on  oircroft  with  o 
kinematic  GPS  system  copoble  of  provid- 
ing Col.  2/3  copobility  and  to  compare 
the  cost  wit!  I  that  of  installing  MLS  k 


FILTER  CENTER 


COMPILf  D  BY  BRUCE  D.  NORDWALl : _ 

A  UnON  AND  ROCKNVEli  COIUNS  TEAM  will  provide  the  emtedded  GPS 
Inertiol  Assembly  (GINA)  to  the  Navy  for  its''T-45  trainer  aircraft.  (AVViSST  '■ 
Apr.  26,  p.  61).  Under  0  $27.8  million  co'ntroct;  five  GINA  systems-will  be  • 
supplied  to  the  Navy  for  tesfs  storting  in  October.  McDonnell  Douglas  plans  ' 
to  integrate  GINA  into  the  T-45  as  port  of  its  "Cockpit,21"  glass  cockpit  ■ 
iipgrode.  A  decision  on  full  production  for  250  systems  is  due  in  January,  ] 

■1995:,  -;;,r'-tr-;'/;  .j'  ;;,  -  ■\-^~:.r'M:-.^':j:{:^:''^xi^^'''-'' 

THE  AIR  FORCE  WANTS  TO  BOOST  wafer  scale  signal  processing  through- 
puts by  more  than  order  of  magnitude,  to  20  gigaflops/board,  by  integrat- 
ing hybrid  wafer  scale  packaging  technology  with  government-furnished 
high  performance  signal  processors.  Proof  of  the  30-rhonth  effort  is, to  be  o  i 
real-time  demonstration  of  multi<hip  modules_in. flow-through  cooled  SEM^ 
boards  integrated  into  o  Sun  workstation  and  C-bond  rodai^  oljheRome  ' 
Lobofotory.. Contact  Rebecca  Willsey  (315)  33a7681:!  ;  ..V'-'':'  V  ^■::>:- :  ■  • 

FRANCE'S  SEXTANT  AVIONIQUE  WILL  PROVIDE  heddup  displays  (HUD) 
for  operotionol  evaluation  on  a  Northwest  Airlines  747  and  DC-10,  begin- 
ning in  about  two  years.  Northwest,  which  also.plans  to  evaluate  infrared 
and  millimeter-wove  radar  as  enhanced  visibility  oids  during  adverse 
weather,  is  negotiating  similar  contracts  with  Lorol's'Fairchild  Div.  for  two 
FUR  systems  ond  with  Leor  Astronics  for  two  millimeter-wave  radars;  ■ 

A  DISSENTING  NOTE  ON  THE  UTILITY  OF  FUR  SENSORS  for  adverse  weath- 
er was  sounded  by  Copt.  Joseph  Oliver,  who  heods  the  Air  Line'Pilots  Asso- 
ciation's all-weather  flying  committee,  during  recent  Worldwide  Communi- 
cations, Navigation  ond  Surveillance  Symposium.  Oliver  said  tests  indicat- 
ed that  current  FUR  sensors  could  not  consistently  penetrate  rain  and  fog, 
prompting  him  to  conclude,  "We  should  not  depend  too  heavily  on  the 
ovoilability  of  enhonced  visibility  systems  in  the  immediate  future."  .-.-       ■ 

A  NEW  TECHNIQUE  DEVELOPED  at  Georgia  Institute  of  Technology  could 
■  permit  chemical  vaf>or  deposition  of  some  thiri  films  without  the  need.for  the 
costly  vacuum  chambers  ond  furnaces'used  for  conventionol  chemicol  va- 
por deposition.  Combustion  chemical  vapor  deposition  (CCVD)  dissolves 
the  materials  to  be  deposited  :n  a  flammable  orgonic  solvent  such  as  xylene 
or  toluene.  The  solution  is  sproyed  with  air  as  o  fine  mist  across  o  propane 
torch,  which  causes  the  flammable  mixture  to  burn,  depositing  a  film  on 
nearby  objects  to  be  coated.  CCVD  has  deposited  yttrium-borium  cuprote 
films  used  for  high  temperature  superconductors  and  yttrium-stabilized  zir- 
conio  used  for  weor-resistont  ond  thermal  barrier  coatings.  ■ 

DALLAS/FT.  WORTH  INTERNATIONAL  AIRPORT  will  be  outfitted  with  o  Dif- 
ferentiol  GPS  terminol  to  enable  the  FAA  and  Americon  Airlines  to  evoluote 
the  utility  of  DGPS  as  o  potential  Cotegory-l  precision  approach  aid.  An- 
other potentiol  site  for  DGPS  evaluation  is  the  Juneau  airport  where  neorby 
mountains  pose  o  challenge  for  adverse  weather  approaches.  Whittmon 
Regional  Airport,  Oshkosh,  Wise,  plons  to  hove  o  Trimble  Navigation  Inc., 
DGPS  instollotion  available  for  test  under  VFR  conditions  during  the  onnuol 
Experimental  Aircraft  Association  fly-in  storting  July  29. 
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GPS  ATTITUDE 
SENSING  TESTED 


ALBUQU£RQU£.  N.  M. 


Stc-iford  Univer:  r^-  reseorcKers  ioy  in- 
fiioh:  lesfs  ihey  hove  performed  with 
o  Piper  Dokoto  jhow  thai  GPS  con  be 
used  to  delermine  aircrah  oMitude. 

They  olso  hove  concluded  fhot  o  single 
GPS  receiver  coulc  reploce  the  functions 
of  more  then  50%  of  current  cockpit 
instruments 

USING  GPS  for  ot^itude  measurements 
would  give  flight  test  progroms  a   new 
tool.  In  o  surprising  side  benefit,  Slonford 
reseorchers    discovered    thof    GPS    gove 
occurote  meosurements  of  the  flexing  of 
wings  in  flight.  The  result  is  that  the  struc- 
lurol   deformoticn    o?    the    aircraft    under 
stress  OS  measured  by  the  GPS  can  be 
used  cs  an  occelerometer,  occording  to 
oeronoutics  ond  astronautics  professor 
]     Brodlord  W.  Porkinson. 
i         Fou'   GPS   micros'rrp   patch   antennas 
]     were  mounted  on  the  Piper  Dokola — one 
*     on  each  wingtip.  one  on  top  of  the  fuse- 
lage and  one  clop  the  vertical  toil. 

The  tests  pu;  to  rest  one  of  the  reputed 
stumbling  blocks  to  GPS-determined  oHi- 
tude — ihot  GPS  cc;c  wcu'd  be  lost  when 
the  aircroft  moneuvered.  Usually  five  sot- 


eliiles  ore  vistole  to 
the  ontennos,  and 
four  ore  required 

to  determine  position  in  three  dimen- 
sions. But  test  doto  showed  thol  even  if 
several  satellites  were  blocked  by  the  oir- 
craft  during  moneuvers,  only  two  were 
needed  for  a  complete  otiiiude  solution. 
Throughout  the  tests,  the  ontennos  olwoys 
hod  at  least  two  sotellites  in  view,  even 
during  steep  moneuvers.  The  receiver 
hondled  360<Jec,  turns  wtlh  45-deg.  on- 
gle  of  bonk  without  losing  oflilude  lock, 

A  TRIMBLE  TANS  VEaOR  attitude  re- 
ceiver wcs  used  OS  the  sensor  for  the  ex- 
periments, with  o  486  laptop  computer 
providing  both  reol-time  display  ond 
doto  recording  for  post-flight  onolysis. 
The  receiver  wos  set  Jo  take  measure- 
ments ol  a  10-Hz.  rote.  Knowing  the 
plocement  of  the  antennas  on  the  wings 
ub-centimeter  occurocy  is  necessary 
o  obloin  occurate  aHilude  reodings. 

With  the  odvonced  GPS  receiver  used 
n  the  test  in  c  3-meter  receiver  baseline, 
accuracy  of  better  thon  0.1  deg.  was  reol- 
ized.  Wing  flex  wos  estimated  to  1 .4  mm. 


Stanford  Universlfy's  Piper  Dakota  is  out* 
fitted  with  a  small,  fiat  GPS  receiver  on 
eoch  wingtip,  tfie  tap  of  tfie  verhcol  stabi- 
lizer ond  over  rtie  cockpit. 

Using  GPS  to  sense  heeding  is  ottroctive 
becouse  it  is  not  subject  to  mognetic  vorio- 
lion.  GPS  has  o  similar  advantoge  for 
sensing  attitude  because  it  does  not  suffer 
from  the  drift  of  on  inertiol  system  or  the 
precession  of  o  spinning  gyro. 

The  flight  tests  used  impulse  inputs  to 
the  elevator  ond  rudder  to  evaluote  the 
dynamic  response  of  the  GPS  otiiiude 
sensors.  After  opplying  the  impulse,  the 
pilot  took  his  hands  off  the  controls  ond 
observed  the  oircrofi  response. 

Porkinson  believes  GPS  offers  c  relo- 
lively  low<osl  tool  that  con  chorocterize 
on  oircrah's  performonce  in  minutes.  It 
moy  also  be  useful  for  providing  higfv 
quolity  dynamic  response  doto  to  outopi- 
lots,  producing  more  efficient  corrections 
and  o  smoother  flight  for  passengers.     ■ 


NAVSYS  DEVELOPS 
LOW-COST  SENSOR 


Collins  MiniotaHzed  Air- 
borne GPS  Receiver  wos 
tfie  standard  for  oirbome 
systems  at  the,ION-92 
conference.  --  - 'r  .- 


ALBUQUERQUE,  N,  M,. 


Novsys  Corp,  hos  developed  a  GPS 
tracking  se-^sor  that  con   be  monu- 
foclured  for  less  tnon  $  1  00,  according  to 
president  Alison  K.  Brown. 
•   The  sensor  is  specificolly  designed  for 

-opplicotions  such  os  rodiosondes,  sono- 

■buoys  ond  emergency  location  devices. 

.The  reoson  for  the  low  cost  is  that  the 
Novsys  "Tidcit"^  sensor  does  not  pro- 
cess the  GPS  signal  on  board  the  host  ■ 

-vehicle.  It  somples  the  GPS  signol  and 
transmits  o  "compressed  s'dmple  bock  to 
a  centrol  focility  over  o  conventional  te- 
lemetry link.  .■  -     -  .,        .  ■-■'^  --■     .^ 
In  controsi,  other  GPS  tracking  systems.. 

'use  either  a  low-cost  GPS  receiver  or  o' 
translator.  The  low<ost  receiver  solves 
the  novigotion  problem  ond  then  Irons- 
mits  the  position  on  a  low,  bandwidth 
doto  link.  Although  the  communicolion 
link  is  inexpensive,  the'  GPS  chip  set  to 
process  the  novigotion  doto  costs  about 
$250  clone  in  large  quontilies,  driving 
the  receiver  cost  up  to  obout  $400. 


■;  Translator  sensors  currently  ore  em- 
ployed in  missile  trockmg  applications 
where  smoU  expendable  sensors  ore  re- 
quired The  front  end  of  o  digital  translo- 
tor  is  identical  to  thol  of  a  GPS  receiver,  ' 
but  the  received  signals  ore  mixed  to  on- 
other  frequency  and  retronsmihed  qn.o'- 
widebond  doto  link,  ■._—----■•  ■■.:;",■' 
THE  SENSOR  AVOIDS  ihe  expense  of. 
on-boord  digitol  signol  processing  and 
microprocessor  chips,  and  the  rodio  fre- 
quency subsysterri  eventuolly  could  cost 
OS  litlle  OS  $100.  However,  the  Sbond 
power  omplifier  for  the  widebond  doto 
link  currently  costs  over  $  1 ,000,  Brown 
soid,  "■' :         '  *       "'   '■. .'   "'  ...:..*/ 

Tidgit  uses  o  rodio  frequency  front  end  , 
ond  frequency"  synthesizer  similar  to  o 
GPS  receiver.   Instead  of  processing  the 

-GPS  doto,  it  takes  digital  somples  ond 
uses  a  patented  compression  logic  to  re-' 
duce  the  bandwidth  of  the  signal  it  will 
rebroodcost  ta  the  centrol  focihty  Novsys 
developed    o   PC   workstotion   for   ihe 


ground  cenlral  focllity.  thdl  con  recover..! 
the  measurements  from  oil  visible  sateP  • 
lites  and  compute  precise  differential  so-  '• 
lutions  in  reol-fime.        .'".:,  '    \ 

;  A  typicol  voice  chonnel  can  occommo-,  ; 
dole  o  65-kbps.  doto  link,  which  is  suffi- 
cient to  reloy  Tidgit  doto  back.  The  occu-'  ' 
racy  of  the  Tidgit  solution  depends  on  the  '. 
bondwidth  of  the  doto  link  ond  Ihe  dy- 
nomics  of  the  vehicle  being  measured.  At  t 
40  kbps.,  Tidgit  horizontol  occurocyj 
would  be  10  meters/ At '1  5  kbps.,  ihof 
would  drop  to  100  meters,  occording  to-  ■ 
Novsys.  •  -, --  •..■......__ ^ 
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CNS  Report 

by  Damon  C-  Hart 


The      Second 
Annual  Con- 
Terence      on 

Differential  Satellite 
Navigation  Systems 
was  held  in  Amster- 
dam at  the  end  of 
March.  A  total  of  392 
delegates  from  25 
countries  attended  the  four-day  confer- 
ence. Sixty-four  technical  papers  were 
presented,  and  exhibitors  from  27  compa- 
nies displayed  their  wares  and  talked  up 
their  services. 

Much  of  the  technical  program  was 
taken  up  mth  descnptaons  of  sub-meter, 
decimeter,  and  centimeter  accuracies  ob- 
tained using  only  the  publicly  available 
GPS  C/A  code. 

Some  attendees  S3uc  privately  that  the 
conference  spent  too  much  time  on  accu- 
racy and  not  enough  on  the  other  chal- 
lenges that  remain.  "CNSS  accuracy  is  no 
longer  the  issue.'  according  to  George 
Ligler.  co-chair  of  the  FTCA  SO- 159  work- 
ing group  on  precision  approach  "The 
real  issues  today  are  integrity  and  conti- 
nuit)'  of  service  and  how  to  achieve  these 
In  a  practical  way  '  This  is  a  good  indica- 
tion of  how  far  this  field  has  come  very 
rapidly. 

The  "Stanford  Bubble" 
A  paper  by  Clark  Cohen  of  Stanford  ad- 
dressed the  promising  and  exciting  use  of 
low-power  pseudolites  to  permit  precision 
final  approaches  with  decimeter  accura- 
cies. Pseudolites  are  transmitters  on  the 
ground  that  emit  GPS-like  messages.  If 
this  approach  proves  to  be  practical,  it 
could  provide  the  accuracies  required  for 
Cat  IIIB  landings  using  GNSS. 

Cohen  s  work  is  based  on  earlier  GPS 
studies  done  at  Stanford  on  aircraft  atti- 
tude determination  Cohen  described  how 
one  or  more  pseudolites  could  be  used  to 
resolve  GPS  carrier  phase  ambiguity  dur- 
ing final  approach   In  this  concept,  the 


descending  aircraft  passes  through  the 
pseudolite-transmilted  emissions,  and 
uses  these  to  correct  its  onboard  GPS  po- 
sition solution  to  the  required  accuracy 

The  very  low  power  of  the  pseudolites  (a 
few  milliwatts)  is  a  key  part  of  the  con- 
cept. This  eliminates  the  vexing  neai-far 
problem  of  GPS  satellite  transmissions 
being  overpowered  by  pseudolitc  trans- 
missions when  aircraft  are  in  their  vicin- 
ity. Low  power  also  creates  the  character- 
istic form  of  the  area  in  which  the  signal 
can  be  received— DSNS  '93  attendees 
took  to  calling  it  the  "Stanford  Bubble." 

Actual  flight  tests  to  validate  the  con- 
cept begin  this  summer.  Cohen  expects  to 
have  results  to  share  with  the  community 
this  fall  at  the  GPS  '93  Conference  in  Salt 
Lake  City 

Progress  on  Multipatb 
In  differential  GPS  applications,  the  main 
sources  of  error  are  noise  and  multipath. 
Many  current  receivers  provide  effective 
nitenng  techniques  that  reduce  the  noise 
problem.  Multipath  remains  a  serious  im- 
pediment, particularly  in  precision  navi- 
gation applications  on  or  near  the 
ground- 
in  his  paper.  "Optimum  DGPS  Receiver 


Structures."  Richard  D.J.  van  Nee  of  the 
Delft  University  of  Technology  In  the 
Netherlands  proposed  a  technical  method 
that  would  reduce  the  multipath  problem 
to  manageable  proportions  within  GPS  re- 
ceivers. This  new  receiver  structure  Is 
called  MEDLL  (Multipath  Estimating 
Delay  Lock  Loop).  A  prototype  MEDLL  re- 
ceiver is  under  development  at  Delft 

Identified  by  some  attendees  as  the 
"biggest  breakthrough  of  the  conference.' 
van  Nee's  report  was  named  best  paper  by 
the  conference  organizers. 

If  successful  in  practice,  this  technique 
could  have  significant  implications  for 
airport  surface  surveillance  and  precision 
approach.  It  may  reduce  receiver  multi- 
path  problems  to  a  level  where  high-in- 
tegrity movements  on  and  near  the  air- 
port surface  would  become  routinely 
possible 

Airport  Surface  Surveillance/Control 
More  than  just  theory  was  presented  at 
the  conference.  Klaus  Mohlenkamp  of  the 
Institute  of  Flight  Guidance  and  Control 
of  the  Technical  University  of  Braun- 
schweig. Germany,  presented  the  results 
of  a  prototype  taxi  guidance  system  called 
GlNaS  (Ground  Information  and  Naviga- 


Avlonics/June  1993 


149 


tion  System;. 

GINaS  has  beer,  built  into  a  modified 
Volkswagen  van  whose  controls  (steer- 
ing, accelerator,  brake)  have  been  modi- 
fied to  permit  direct  computer  control. 
CINaS  consists  of  a  DGPS  receiver  in  the 
van.  a  486  notebook  computer  with  spe- 
cially developed  software,  and  a  digital 
map  of  the  Braunschweig  airport.  GlNaS 
has  successfully  conlrolled  and  maneu- 
vered the  van  around  the  surfaces  of  the 
airport,  shown  in  operation  on  a  video 
Furthermore,  the  van  itself  was  available 
in  the  parking  lot  of  the  conference  for  ex- 
aminaUon  by  attendees 

GINaS  ajlows  the  institute  to  conduct 
studies  in  the  use  of  DGPS  for  surface 
navigation  of  aircraft  and  airport  ground 
vehicles  Three  different  levels  of  system 
mtegration  are  being  explored 

•  assistance  to  the  pilot  or  dnver 

•  supervision  of  the  pilot/driver 

•  automatic  control  of  the  aircraf'./vehi 
de 

One  of  the  major  challenges  being  ex- 
plored IS  the  displaj'  of  positjon  mforma- 
tion  to  the  pilot/driver.  Currently,  a  stan- 
dard EFIS  display  is  used  in  the  test 
vehicle.  One  of  the  goals  of  the  tests  is  to 
use  existing  cockpit  equipment  for 
ground  location  display.  This  m'A  lower 
the  cost  and  accelerate  the  acceptance  of 
GlNaS  by  the  airlines. 

Multipath  and  the  imprecision  of  exist- 
ing airport  digital  maps  remain  problems. 
Braunschweig  is  looking  for  vehicle  con- 
trol accuracies  down  to  one  meter.  Most 
of  the  maps  they  have  examined  do  not 
come  close  to  providing  this  If  the  map  is 
not  at  least  as  accurate  as  the  control 
system,  the  aircraft  will  not  stay  on  the 
taxiway/runway. 

Integrated  GPS/GLONASS 

Wolfgang  Lechner  of  the  Avionics  Center 
of  Braunschweig  described  his  groups 
work  on  integrating  differential  GPS  and 
GbONASS  into  a  single  navigation  unit. 

His  ex-penments  included  the  use  of  the 
GLONASS  ATK-16  (one  channel,  slow  se- 
quencing. LI  /CA  Codel  and  several  GPS 
receivers,  notably  the  Trimble  4000  SST 
(eight  channel.  L1/L2/P  Code).  The  same 
antenna  was  used  for  both  receivers.  The 
raw  satellite  data  from  the  two  receivers 
were  processed  by  a  computer  which 
'harmonized  time  and  geodesic  differ- 
ences between  GPS  and  GLONASS  to 
(Continued  on  next  page) 


Quality  Instrumentation 

•  Iiistruinciits  tor  fixed  and'rotai'>'-\ving  aircraft 

•  Engine  instruments  and  Flight  instruments 

•  Over  10,000  items  available  for  sale  or  exchange 

•  Computerized  control  of  inventory 

•  Excellent  pricing  and  tast  delivery 


SERVICESJNC. 


12213  S.W.  131st  Avenue 

Miami,  Florida  331B6 

Telephone:  (305)  251-7200 

Fax:(305)251-2300 

Telex:  52-5110  APS  MIA 


Circle  Reader  Service  No.  74 


PRESSURE  MEASUREMENT 

With  Accuracy  and  Stability 


0.01%  FS 

0.01%  FS 

per  year 

0.001%  FS 


Accuracy 
Stability 

Repeatability 
Rugged  and  Reliable 
Inherent  Digital  Output 

The  Schlumberger  Vibrating  Cylinder  Pressure  Transducer  is  specified  throughout  the 
Aerospace  Industry,  where  Accuracy,  together  with  long  term  stability,  is  ol  high  imponance 

For  airborne  and  ground-based  equipmenl.  where  accuracy  and  reliability  is  required,  there  is 
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ICont^uedJrom  preutous  papc,' 
produce  a  combined  navigation  solu- 
tion,' according  to  Lechner. 

Others  (notably  3S)  are  already  offer- 
ing receivers  that  can  provide  either  a 
GPS  or  a  GLONASS  solution.  This  is  the 
first  time,  according  to  Lechner.  that 
anyone  has  been  able  to  use  the  signals 
from  both  constellations  in  the  same  so- 
lution 

The  importance  of  these  results  is  the 
overall  improvement  in  availability  for 
navigation  systems  integrating  both  sys- 
tems WTien  both  constellations  are  com- 


plete, there  will  always  be  a  sufficient 
number  of  satellites  over  the  United 
States  (for  example)  to  provide  precision 
navigation  without  interruption. 

GNSS/Inertial  Solutions 

A  number  of  papers  were  presented  that 
explored  the  architecture  of  integrated 
navigation  systems,  with  GNSS  as  one 
sensor  component.  The  most  common 
non-GNSS  components  discussed  at  the 
conference  were  inertial  sensors.  This 
supports  the  position  that  the  sort  of  in- 
tegration currently  under  test  by  Honey- 
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well.  Boeing,  and  the  FAA  offers  the  high- 
est probability  of  eventual  success 

The  complementary  nature  of  GNSS 
and  inertial  sensors  were  repeatedly 
highlighted  by  the  speakers. 

•  Inertial  sensors  are  self-contained  and 
continue  to  operate  even  when  there  are 
problems  with  satellite  signals 

•  GNSS  requires  no  initialization,  and 
can  even  be  used  to  initialize  inertial  sen- 
sors, which  do  require  such  initialtzatjon. 

•  GNSS  can  be  used  to  measure  position 
and  speed,  inertial  measures  accelera- 
tion, turn  rate,  and  attitude. 

•  Inertial  sensors  tend  to  drift:  GNSS 
does  not  drift. 

•  GNSS  on  Its  own  has  relatively  low  In- 
tegrity: inertial  sensors  on  their  own  have 
very  high  integrity. 

Gunter  Hein  of  University  FAF  Munich 
proposed  an  architecture  for  a  high-pre- 
cision aircraft  navigation  system  based 
on  GPS  and  INS  The  basic  components 
of  the  system  are  'differential  GPS  using 
carrier  phase  ambiguity  resolution  on- 
the-fly.  telemetry  using  new  carrier 
phase  corrections,  coning  and  sculling 
compensation  in  the  strapdown  algo- 
rithm, and  INS  in-flight  alignment  capa- 
bility '  He  concludes.  "High-precision  air- 
craft navigation  using  DGPS/INS 
integration  of  the  latest  state  of  the  art  is 
able  to  deliver  5  cm  in  position  ajrd  about 
2/ 10  of  a  minute  of  arc  in  attitude  ' 

Aerodata  has  already  announced  a 
commercially  available  product  called 
AeroNav  that  inlegrates  GPS,  GLONASS. 
and  inertial  sensors  Aerodata  claims 
'decimeter  accuracies  achievable  in  real 
time'  with  this  product.  'A  close  coupling 
of  GNSS  with  complementary  inertial 
sensors  improves  Inavigationl  system 
performance  under  all  phases  of  flight.' 
according  to  Aerodata  Such  a  system 
'has  much  better  integnty  than  a  stand- 
alone satellite  navigation  system.' 

Bemd  Tiemeyer  of  the  Technical  Uni- 
versity Braunschweig  reported  that  using 
"low-quality  (low-cost)  gyros  and  ac- 
celerometers  in  combination  with  normal 
satellite  navigation  receivers  for  high-ac- 
curacy applications"  showed  significant 
promise.  Kalman  nitering  techniques  are 
an  essential  part  of  the  integrated  unit 
He  predicted  'such  an  integrated  naviga- 
tion system  will  be  able  to  replace  ILS  " 

Proposed  GLONASS  Extensions 
Integrated  navigation  solutions  with  both 
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GPS  and  GLONASS  present  a  technically 
complex  task.  Many  of  the  issues  sur- 
rounding these  are  under  investigation 
by  researchers  in  the  community. 

Differential  techniques  v.t\\  certainly 
play  a  role  in  integrated  solutions.  At 
present,  the  community  has  a  standard 
format,  RTCM-104.  used  to  transmit  dif- 
ferential GPS  corrections  to  GPS  re- 
ceivers. Most  of  the  differential  GPS  re- 
ceivers on  the  market  today  are 
compatible  viith  this  standard. 

Valentin  Shebshayevich  of  the  Rus- 
sian Institute  for  Radionavigation  and 
Time  IRIRT).  introduced  as  "the  father  of 
GLONASS.'  proposed  to  the  conference 
that  RTCM-104  be  extended  to  accom- 
modate the  additional  fields  needed  to 
carry  GLONASS  differential  corrections. 
His  idea  is  to  "amplify  the  RTCM  recom- 
mended draft  standard  (without  chang- 
Lng  anything  in  it)  so  that  the  new  com- 
bined standard  would  cover  both  the 
possibilities  of  joint  use  of  GLONASS 
and  Navstar  [GPSl.  and  the  independent 
utilization'  of  either  system 

This  would  simplify  integrated  solu- 
tions, but  would  add  to  the  size  of  the 
correction  messages.  Some  of  the  atten- 
dees feel  that  GLONASS  needs  to  prove 
itself  as  a  viable  constellation  before  the 
community  adds  this  transmission  over- 
head. 

Extended  Life  for  ILS? 
There  Is  a  growing  level  of  confidence  in 
the  aviation  community  that  GNSS  will, 
in  the  not-too-distant  future,  be  ready  to 
support  precision  approaches  dovm  to 
Cat  IIIB.  A  key  question  is  when  Can  the 
technology  and  all  associated  opera- 
tional procedures  be  ready  in  time  to  re- 
place the  existing  ILS  systems,  which 
must  be  phased  out  by  1998?  Even  some 
of  the  strongest  proponents  of  GNSS  in 
aviation  have  doubts 

The  question  is  important  1996  is  the 
date  by  which  all  ICAO  states  must, 
under  current  agreements,  equip  their 
international  airports  with  the  proven, 
but  more  expensive,  MLS  landing  sys- 
tems Most  countries  would  prefer  to 
avoid  this  massive  investment.  If  GNSS 
can  offer  equivalent  functionality  in  the 
near  future. 

1995  is  the  decision  date  for  launch- 
ing the  MLS  installation  program  in  most 
countries  FAA  has  recently  undertaken 
a  study  to  help  it  determine  the  near- 


term  feasibility  of  GNSS  to  support  Cat  II 
and  Cat  III  landing  systems  The  results 
of  this  study  are  due  in  1995 

Some  of  the  attendees  said  that  they 
would  like  to  consider  extending  the  pro- 
lection  of  current  ILS  frequencies  for  a 


few  more  years.  This  would  give  GNSS 
time  to  be  proven  and  fielded.  It  would, 
of  course,  also  mean  renegotiating  the 
ICAO  agreements  on  MLS,  a  non-trivial 
undertaking.  But  potential  savings  are 
high.  -4^ 
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Good  morning  Mr.  Chairman  and  members  of  the  Subcommittee.  My 
name  is  Will  Faville  and  I  am  the  Director  of  Safety  and  Technology 
for  the  National  Air  Traffic  Controllers  Association.  NATCA  is  the 
exclusive  representative  of  this  nation's  14,700  air  traffic 
controllers  employed  by  the  Federal  Aviation  Administration  (FAA) . 

I  want  to  thank  you,  Chairman  Oberstar  for  having  this  hearing 
today.  The  Global  Positioning  System  (GPS)  is  a  technology  that 
will  change  the  face  of  aviation  in  the  United  States  and 
throughout  the  world.  Its  applications  are  limitless.  We  could  have 
radar-like  presentations  for  all  parts  of  the  world.  Cost  would  be 
much  less  than  some  current  technologies  under  consideration  at  the 
FAA. 

Last  month,  we  appeared  before  this  body  to  recommend  ways  the 
FAA  "could  do  more  with  less."  One  of  our  recommendations  was  to 
fully  accept  the  new  technology  of  GPS  and  to  stop  throwing  good 
money  at  Precision  Runway  Monitoring  (PRM) ,  Microwave  Landing 
System  (MLS)  and  Oceanic  Display  And  Planning  System  (ODAPS) .  We 
believe  that  GPS  could  replace  all  of  the  named  syste.ms  with  a  more 
precise  and  cost  efficient  system. 

PRM  is  a  system  that  will  be  obsolete  before  it  becomes  fully 
operational.  The  first  operational  model  just  went  into  Raleigh- 
Durham  (RDU) .  Unfortunately,  the  FAA  is  considering  a  replacement 
model  next  year. 
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As  we  mentioned  last  month,  the  initial  desire  for  MLS  in  the 
late  sixties  and  early  seventies  was  well  founded.  However,  since 
that  time,  many  of  the  deficiencies  of  the  Instrument  Landing 
System  (ILS)  have  been  resolved.  The  MLS  remains  a  very  costly 
replacement.  The  cost  is  not  only  experienced  by  the  FAA,  but  it  is 
felt  by  the  airlines  as  they  retrofit  their  aircraft  for  MLS 
ability.  Utilizing  GPS  technology  will  provide  the  user  with  a  more 
cost-effective,  true  precision  approach. 

Mr.  Chairman,  you  are  well  aware  of  the  delay  and  rising  costs 
involved  with  the  FAA's  attempt  to  bring  a  fully- functioning  and 
reliable  ODAPS  to  life.  What  started  out  as  a  36  month/$22M  project 
has  escalated  into  a  100+month/$51M  project,  and  the  end  still  is 
nowhere  in  sight. 

These  are  but  a  few  of  the  projects  that  should  be  terminated. 
The  monies  appropriated  by  Congress  and  the  personnel  delegated  by 
the  FAA  to  these  projects  should  now  be  invested  into  GPS,  before 
we  lose  our  competitive  edge. 

I  know  that  the  F.AA  testified  earlier  that  it  is  fully 
committed  to  GPS.  Unfortunately,  it's  actions  are  not  keeping  pace 
with  it's  words.  The  FAA's  GPS  office  is  currently  staffed  by  two 
people  full-time.  Two  other  temporary  details  are  allotted;  but, 
they  are  tasked  with  the  responsibility  of  developing  the  FAA's 
internal  training  system  for  GPS.  Recently,  an  additional  two  full- 
time  positions  have  been  authorized;  but,  they  have  yet  to  be 
filled.  The  FAA  Regions  are  in  worse  shape.  Each  region  has  an 
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individual  assigned  to  GPS;  but,  this  is  as  an  "additional  duty." 
The  FAA  must  fully  staff  these  available  positions  and  seek  to 
increase  it's  staffing  in  the  GPS  area.  Without  the  proper  support, 
the  FAA's  effort  will  be  a  band  aid  approach,  with  pilots  and 
controllers  being  left  out  of  the  loop. 

Air  traffic  controllers  across  the  nation  do  not  know  anything 
of  the  FAA's  plans  in  regards  to  GPS.  Apparently,  the  GPS  office  in 
Washington  developed  a  controller  briefing  package  and  sent  it  to 
the  field  months  ago  --  to  date,  very  few  controllers  have  been 
briefed.  Those  few  controllers  who  knew  of  GPS,  happened  to  be 
private  pilots  and  gathered  information  from  other  non-FAA 
organizations . 

The  FAA  plans  to  test  several  applications  for  GPS  at  various 
airports  throughout  the  U.S.  by  the  fall  of  this  year.  Testing  is 
to  be  conducted  at  the  Oshkosh  Air  Show,  Dallas-Fort  Worth,  and, 
Juneau.  Air  traffic  controllers  at  those  facilities  have,  again, 
been  frozen  out  of  the  loop.  This  cannot  be  allowed  to  continue. 

GPS  can  be  a  very  valuable  technology  for  the  FAA  and  cur 
nation's  troubled  airlines  and  aviation  system;  but,  meaningful 
controller  involvement  is  a  must. 

All  too  often,  controller  involvement  is  grudgingly  permitted 
by  the  FAA.  We  witnessed  this  with  TCAS  and  AAS  to  name  a  few 
occasions.  The  FAA  must  understand  that  the  air  traffic  controllers 
and  their  input  into  new  technology  are  a  very  valuable  resource 
available  to  them.  NATCA  firmly  believes  that  a 
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NATCA  liaison  office  should  be  associated  with  the  GPS  office  at 
FAA  Headquarters.  This  is  very  similar  to  our  current  relationship 
with  the  FAA  on  AAS . 

Thank  you,  Mr.  Chairman.  I  will  answer  any  questions  that  you 
or  members  of  the  panel  may  have. 
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Good  Morning  Mr.  Chairman.  My  name  is  Robert  R.  Ferguson,  III 
and  I  am  the  President  and  Chief  Executive  Officer  of  Continental 
Airlines.  I  am  pleased  to  be  able  to  testify  before  this 
subcommittee  on  an  issue  of  great  interest  to  the  aviation 
community  at  large  and  to  me  personally. 

Before  I  move  on  to  the  more  technical  aspects  of  my 
testimony,  I  would  like  to  publicly  commend  the  National  Commission 
to  Ensure  a  Strong  Competitive  Airline  Industry  and  specifically 
Commissioner  Barclay  whose  System  Capacity  Team  thoroughly 
addressed  the  Global  Positioning  System  (GPS)  issue.  The  first 
working  draft  of  the  Commission,  dated  July  19,  makes  two  dramatic 
and  worthwhile  recommendations  under  the  section  titled  "Air 
Traffic  Control  for  the  Future".  The  first  recommendation  is  to 
"change  the  U.S.  air  traffic  control  system  to  a  satellite  -  based 
navigation  system,  integrated  with  a  modernized  Air  Traffic  Control 
(ATC)  system".  The  second  recommendation  is  that  the  "FAA  and 
industry  should  pursue  efforts  to  accelerate  the  implementation  of 
the  GPS  and  air  traffic  control  modernization  through  such  means  as 
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a  public  -  private  consortium,  designed  to  develop  and  implement 
improved  technology  expeditiously".  Mr  Barclay  and  his  fellow 
Commissioners  have  well  grasped  the  significance  of  this  technology 
and  I  appreciate  their  attention  to  this  important  issue. 

Since  the  beginning  of  recorded  history,  mankind  has  sought  to 
be  able  to  determine  where  he  is  in  relation  to  any  other  person  or 
thing.  Today  it  is  possible  to  determine  instantaneously, 
continually  and  exactly  where  anyone  or  anything  is,  anywhere  in 
the  world  or  its  surrounding  atmosphere,  repeatedly  and  reliably. 
The  technology  to  allow  this  to  happen  is  based  on  the  satellite 
constellations  orbiting  the  earth  today. 

These  satellites  provide  a  number  of  unique  opportunities  to 
aviation.  We  are  on  the  threshold  of  redefining  the  entire  manner 
in  which  we  conduct  aviation  worldwide.  Through  the  use  of  a 
satellite  system,  and  various  communication  systems,  it  is  now 
possible  to  safely  navigate  anywhere  on  or  around  the  earth  with 
absolute  certainty  as  to  speed,  direction,  altitude,  time  and 
collision  avoidance.  There  are  three  basic  elements  of  aviation 
that  are  impacted  by  the  technological  enhancements  brought  forth 
through  satellites: 

Communication      The  ability  to  communicate  through  voice 
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and   data   transmissions   virtually 
worldwide. 
Navigation        The  ability  to  navigate  accurately  and 
reliably  anywhere  in  the  world  without 
adding  one  more  ground  based  navigation 
aid  such  as  a  VOR  or  Non  Directional 
Beacon  (NDB) . 
Surveillance      The  ability  to  precisely  track  aircraft 
and  other  aviation  related  vehicles 
anywhere  in  the  world. 
Communication 

Today  we  communicate  with  our  aircraft  through  a  series  of  VHF 
of  HF  voice  transmissions.  In  some  cases  these  transmissions  must 
be  relayed  through  stations  other  than  the  intended  receiver  due  to 
range  limitations  of  the  equipment.  Passengers  are  likewise 
limited  to  communication  within  short  ranges  and  are  often  out  of 
touch  with  home  offices  for  hours  during  long  transoceanic  flights. 
The  most  compelling  reason  to  improve  the  method  of 
communication  is  safety.  According  to  the  FAA,  twenty  five  per 
cent  of  the  domestic  operational  errors  have  been  attributed  to 
mi scommuni cations.  Digital  communications,  (i.e  data  streams  that 
result  in  printed  or  displayed  commands),  will  reduce,  if  not 
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eliminate,  these  errors.  Communications  which  use  these  electronic 
messages  are  also  faster  and  therefore  more  efficient  in  the  use  of 
the  limited  radio  frequencies.  The  future  will  bring  data 
transmissions  via  satellites  or  HF  that  will  bring  the  user  in 
direct  contact  with  the  provider. 

A  second  reason  to  improve  the  method  of  communication  is  that 
the  existing  communication  system  has  resulted  in  delays  that  one 
carrier  has  estimated  for  itself  to  be  more  than  $300  million 
annually.  These  unacceptable  costs  resulted  from  8.5  million 
minutes  of  delay  either  during  flight  or  while  taxiing. 

A  creative  approach  to  improving  the  communications  system  is 
presently  occurring  wherein  the  airlines,  the  FAA,  and  the  private 
sector  are  forming  a  consortium  specifically  tasked  with  the 
development  of  a  communication's  "router".  This  "router"  will 
format  a  message,  determine  the  media  to  be  used  (HF,  VHF  SATCOM) 
and  the  priority  of  the  message  to  get  transmitted.  By  using  the 
consortium  approach  the  normal  processes  involved  in  producing  an 
airline  avionics  product  could  be  eliminated.  This  arrangement  is 
felt  to  be  so  effective  that  it  is  anticipated  it  will  reduce  the 
development  and  acquisition  process  by  as  much  as  two  years.  If 
this  proves  to  be  correct,  the  result  will  be  $600  million  in 
savings  for  the  one  carrier  referenced  in  the  previous  paragraph. 
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This  type  of  innovative  approach  must  be  repeated  in  other  phases 
of  the  transition  to  the  Future  Air  Navigation  System. 
Navigation 

In  recent  weeks,  I  have  participated  on  two  panels  before  the 
National  Commission  to  Ensure  a  Strong  Competitive  Airline  Industry 
and  on  each  occasion  I  have  emphasized  Continental's  strong  views 
on  the  benefit  of  satellite  navigation.  As  I  said  to  the 
Commission,  immediate  benefits  from  sole  source  navigation  using 
satellites  can  be  achieved  today  resulting  in  savings  for  the  U.S. 
airlines  in  the  range  of  1.5%,  which  equates  to  $525  million 
annually,  for  the  domestic  enroute  sector  alone. 

For  example,  $283,000  per  month  per  aircraft  could  be  saved  on 
any  carrier's  North  Pacific  routings  given  the  flexibility  afforded 
through  the  use  of  satellite  based  technology.  In  the  Atlantic, 
reducing  the  spacing  on  oceanic  flights,  vertically  from  2000  feet 
to  1000  feet,  laterally  to  30  NM  from  60  NM  and  in  trail  from  20 
minutes  to  10  minutes,  could  increase  the  traffic  by  4  times  the 
present  capacity.  This  would  result  in  a  greater  ability  to 
operate  our  aircraft  at  optimum  altitudes  and  routes. 

Clearly,  arrivals  and  departures  will  benefit  from  a  more 
accurate  system.  For  example,  separation  for  approaches  to 
parallel  runways  will  be  safely  reduced  to  3200  feet  from  the 
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present  4300  feet.  According  to  the  FAA,  the  4300  foot  separation 
standard  in  effect  today  which  requires  a  special  radar  and 
additional  controller  would  no  longer  be  necessary.  The  impact  is 
greater  airport  capacity  with  satellite  based  navigation  at  less 
cost. 

Departures  will  benefit  from  reduced  obstacle  separation 
requirements.  Today,  protected  areas  surrounding  obstacles  that 
penetrate  the  projected  departure  path  require  aircraft  to  either 
climb  quicker  or  maneuver  to  avoid  these  areas.  Payload 
restrictions  to  allow  the  aircraft  to  climb  quicker  are  often  the 
result.  These  protected  areas  are  designed  based  on  the 
limitations  on  the  accuracy  of  the  present  navigation  systems. 
With  the  increased  accuracies  afforded  by  satellite  navigation,  the 
protected  areas  may  be  shrunk,  thereby  safely  allowing  the  carriers 
increased  payloads. 

Because  these  systems  are  so  economical,  it  will  be  within  the 
financial  reach  of  nearly  4400  domestic  airports  to  implement 
precision  approaches  in  adverse  weather  and  visibility  conditions. 

The  satellite  systems  are  easier  to  use,  more  accurate  and 
less  costly  to  maintain  than  our  present  ground-based  system.  The 
total  savings  estimated  as  a  result  of  using  satellite  navigation 
is  $2.6  billion  -  $6.7  billion  in  one  time  costs  and  $524  million 
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annually,  excluding  ATC.  Every  day  that  we  do  not  have  the  full 
benefit  of  satellite  navigation  costs  the  government,  the  industry 
and  the  passenger  millions  of  dollars  because  they  are  forced  to 
pay  for  an  antiquated  and  costly  ground  based  system. 

Mr.  Chairman,  I  am  pleased  to  report  to  this  subcommittee  that 
Continental  is  in  the  process  of  equipping  some  of  our  Continental 
Express  commuter  fleet  with  GPS  navigation  for  use  in  enroute  and 
terminal  procedures.  This  fall,  we  will  become  the  first  airline 
using  GPS  based  approaches.  We  are  also  evaluating  a  number  of 
manufacturers  to  determine  which  will  become  our  supplier  for  the 
future  GPS  products.  That  selection  is  close  to  completion  and 
installation  will  likely  commence  before  the  end  of  this  year. 
Surveil lance 

With  the  rapid  advances  described  above,  we  will  soon  be  able 
to  communicate  position  reports  automatically  via  satellites  or  HF 
datalinks  that  will  pinpoint  an  aircraft's  position  within  100 
meters.  These  position  reports  would  allow  the  replacement  of 
expensive  ground  radar  units  that  are  presently  providing  only 
limited  areas  of  coverage.  The  automatic  reports  would  allow  the 
detection  of  gross  navigation  errors  in  the  oceanic  areas  resulting 
in  the  reduced  vertical  and  horizontal  separations  described 
earlier  to  be  achieved. 
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Airport  surface  surveillance  can  also  be  based  on  satellites. 
Very  precise  signals  achieved  through  a  combination  of  satellite 
and  ground  based  units  can  achieve  accuracies  of  1-2  meters.  With 
this  level  of  accuracy,  electronic  maps  can  be  developed  for 
navigation  on  the  airport  surface.  This  very  basic  step,  already 
in  place  in  some  motor  vehicles  today,  can  improve  ground  handling 
during  poor  visibility  conditions  and  improve  safety  by  reducing 
the  possibilities  of  runway  incursions.  Combined  with  a  modern 
communication  system  using  data  transmissions,  a  system  to  control 
surface  movement  and  guidance  would  be  more  efficient  and  effective 
than  the  elaborate  lighting  and  signage  being  implemented  today. 
Progress 

Each  of  the  above  areas  has  a  clear  advantage  in  real  dollars. 
These  are  savings  that  will  ultimately  be  passed  on  to  the 
traveling  public  and  the  taxpayer.  The  technology  which  permits 
all  this  is  inexpensive  and  readily  available.  However,  it  must  be 
understood  that  to  achieve  the  maximum  benefit  from  the  individual 
elements,  the  complete  system  must  be  in  place.  For  instance, 
enroute  satellite  navigation  will  produce  some  cost  savings,  but 
the  full  benefit  cannot  be  realized  until  the  Air  Traffic 
Management  system  can  achieve  the  communication  and  surveillance 
elements  necessary  to  extend  the  benefits  to  approaches  and 
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departures.  Without  all  of  these  elements  in  place,  the  benefits 
of  the  system  are  reduced  substantially. 

On  the  airline  side  of  the  equation,  the  capital  outlay  to 
equip  the  aircraft  is  substantial;  avionics  related  products  (for 
the  entire  industry)  in  the  GPS  market  are  expected  to  be  between 
$500  and  $740  million.  As  an  industry,  we  can  benefit  from  the 
transition  to  satellite  based  aviation  but  we  must  still  be  able  to 
afford  the  cost. 

The  Automated  Traffic  Management  system  required  to  utilize 
the  information  lags  well  behind  the  timeline  for  the  remainder  of 
the  elements.  It  will  do  no  good  to  equip  aircraft  with  expensive 
avionics  that  can  do  nothing  more  than  be  used  to  operate  the 
aircraft  in  the  same  manner  as  we  do  now.  Automatic  processing  of 
the  data  to  and  from  the  aircraft  and  automatic  routing  of  aircraft 
on  optimum  flight  paths  must  become  the  norm.  With  this  ability  we 
will  be  able  to  free  the  air  traffic  controller  from  normal 
aircraft  routing  to  manage  the  abnormal  and  emergency  situations, 
thus  providing  a  safer  environment  to  operate.  And  the  carriers 
will  operate  closer  to  the  optimum  capabilities  of  the  aircraft, 
thus  achieving  the  reduced  direct  operating  costs. 
Implementation 

Every  day  that  goes  by,  every  minute  that  is  lost  due  to 
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indecision  or  lack  of  direction  is  costing  this  industry  in  terms 
of  safety  and  operating  expenses.  Hundreds  of  millions  of  dollars, 
if  not  billions  are  being  lost  annually.  Instrument  approaches  to 
almost  4400  additional  airports  will  cost  little  to  achieve  because 
there  is  no  additional,  expensive,  manpower  intensive  system  that 
is  required  to  accomplish  this. 

It  is  not  important  whether  or  not  we  utilize  the  NAVSTAR  GPS, 
or  GLONASS,  or  IMMARSAT  as  the  provider  of  the  satellite  signal. 
Much  debate  has  occurred  developing  these  alternatives  and 
attempting  to  provide  a  global  solution  that  is  acceptable.  It 
would  seem  that  with  45%  of  the  aviation  traffic  in  the  world,  the 
United  States  should  focus  on  the  continental  US,  implement  a 
system  using  the  GPS  which  are  already  in  place,  and  gradually 
expand  that  to  the  western  hemisphere  and  Europe. 

The  expected  benefits  of  a  fully  implemented  system  will 
justify  the  investment;  however  there  is  a  need  to  provide  airlines 
with  early  benefits  to  offset  costs.  An  optimistic  scenario  for 
global  implementation  is  that  it  will  take  about  14  years  from  the 
time  the  need  is  identified  to  the  time  the  system  has  full 
operational  use.  In  this  time,  interest  alone  will  amount  to  $3 
for  every  $1  invested.  Therefore,  if  early  benefits  are  not 
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achieved,  the  accumulated  interest  may  outgrow  the  predicted 
operational  benefits. 

There  is  also  a  need  to  question  traditional  assumptions  and 
procedures  within  the  FAA  in  an  effort  to  shorten  the 
implementation  timeline.  It  is  clearly  unacceptable  to  delay 
implementation  of  this  new  era  because  of  parochialism.  A  top  down 
audit  should  be  accomplished  of  FAA  personnel,  budget  and 
assignments  to  eliminate  overlapping  of  conflicting  areas  of 
responsibilities  regarding  satellite  based  aviation  and  the  FAA's 
focus  should  be  maintained  on  ensuring  earliest  possible  benefits. 

Mr.  Chairman,  before  I  conclude  my  statement,  I  would  like  to 
offer  five  recommendations  for  the  Subcommittee  to  consider: 
Recommendations 

Establish  a  centralized  authority  within  the  FAA  to  oversee 

the  earliest  benefits  possible  for  the  investor  airlines. 

Support  a  progressive  approach  to  acquisition,  such  as  use  of 

a  consortium. 

Establish  a  GPS  based  precision  approach  criteria  and 

implementation  plan  that  will  eliminate  any  requirements  to 

equip  aircraft  with  MLS  systems. 

Accelerate  the  selection  of  vendors,  including  sole  sourcing, 

if  it  will  accelerate  implementation. 
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Mandate  implementation  of  the  program  domestically  while 
moving  negotiation  with  other  countries  to  a  "fast  track." 
Again,  Mr.  Chairman  I  appreciate  the  opportunity  to  appear 

before  the  Subcommittee  and  I  will  be  happy  to  answer  any  questions 

you  may  have  at  this  time. 
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Statement  of  the  Air  Transport  Association  of  America,  Before  the 

House  Committee  on  Public  Works  and  Transportation 

Subcommittee  on  Aviation,  on 

Future  Uses  of  Satellite  Technology  in  Aviation 

July  28,  1993 


Mr.  Chairman,  my  name  is  J.  Roger  Fleming.  I  am  Seizor  Vice  President,  Operations 
and  Services,  Air  Transport  Association  of  America  (ATA).    ATA  represents  17  U.S.  air 
carriers.   I  am  pleased  to  have  this  opportunity  to  present  the  views  of  these  carriers  on  the 
safety  and  other  operational  advantages  of  implementing  satellite  based  navigation  and 
communications  technology  in  domestic  and  oceanic  airspace  and  the  need  for  assistance  from 
this  Committee  and  FAA  to  help  airline  and  other  civil  aviation  users  in  their  efforts  to 
benefit  quickly  from  these  technologies. 

The  International  Civil  Aviation  Organization  (ICAO)  initiated  discussions  in  the  mid 
1980s  regarding  an  eventual  transition  to  space-based  communications,  navigation  and 
surveillance  services.   A  broad  conceptual  framework  for  this  transition  was  developed  and 
the  concept  is  known  as  'Tuture  Air  Navigation  Systems"  (FANS).  The  navigation 
component  of  FANS  is  identified  as  Global  Navigation  Satellite  System  (GNSS)  and  the  U.  S. 
Department  of  Defense  Global  Positioning  System  (GPS)  is  a  key  element  of  GNSS.  It  is 
hoped  that  the  Russian  GLONASS  system  will  eventually  become  another  important  GNSS 
component  since  GLONASS  will  greatly  enhance  the  operational  utility  of  GPS.  The  other 
elements  of  FANS  are  satellite  based  communications  capability,  a  surveillance  technique 
known  as  "Automatic  Dependent  Surveillance"  and  a  more  flexible  and  efficient  ATC  system 
operational  mode  described  as  "Air  Traffic  Management." 
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The  prospective  benefits  of  FANS  for  airline  users  are:   improved  safety,  because  of 
the  inherent  capability  of  the  GNSS  to  enable  precise  navigation  in  three  dimensions  as  well 
as  in  an  accurate,  common  time  reference;   improved  operational  efficiency  resulting  from  the 
ability  to  fly  any  desired  route  in  terminal  or  enroute  airspace  as  well  as  enabling  ATC  to 
reduce  separation  between  airplanes  flying  in  airspace  with  no  ATC  radar  surveillance  (e.g., 
over  ocean);  reduced  cost  of  acquisition  and  maintenance  of  airborne  navigation  systems  that 
will  become  redundant  (e.g.,  VOR,  DME,  NDB,  some  inertial  systems,  MLS  and  possibly 
ILS).     Also,  the  airborne  collision  avoidance  system  known  as  TCAS  11  will  probably 
migrate  to  GNSS  for  position  and  time  reference  to  improve  functionality. 

The  GPS  satellites  are  in  orbit.   DoD  is  expected  to  declare  the  GPS  constellation  fiilly 
operational  not  later  than  early  1994.   However,  GPS  was  not  designed  for  civil  aviation  use 
and  will  require  augmentation,  especially  for  the  most  demanding  civil  aviation  application: 
precision  approach.   GLONASS  is  one  prospective  enhancement  that  would  increase 
availability,  or  the  number  of  satellites  in  view  of  the  user.  Other  augmentations,  such  as 
differential  stations,  may  be  required  to  ensure  needed  system  accuracy  and  integrity.  Final 
decisions  have  not  yet  been  made  concerning  the  exact  requirements  for  civil  aviation  use. 
All  the  ongoing  technical  trials  involving  GPS/GNSS  are  intended  to  answer  questions 
concerning  augmentations  required  for  the  satellite  systems  as  well  as  modifications  needed 
for  the  airplanes  and  FAA  certification  standards  applicable  to  both. 
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ATA  member  airline  interest  in  GPS/GNSS  applications  is  strong  and  is  reflected  in 
the  work  program  of  the  association.  The  highest  priority  airline  objectives  are  those  which 
will  produce  early  operational  benefits:   use  of  GPS/GNSS  to  fly  diverse  routings  in  terminal 
airspace,  to  achieve  precision  approach  capability  and  to  permit  reduction  of  separation  and 
timely  attainment  of  optimal  routing  and  cruise  altitude  on  critical  over  ocean  segments  (e.g., 
Los  Angeles  to  Sydney).   Cooperative  FAA/airline  programs  to  achieve  these  objectives 
include  several  phases.  For  example,  the  precision  approach  project  starts  with  more  flexible 
routings  in  terminal  areas,  progresses  to  non  precision  approach  and  moves  on  to  precision 
approach.  The  over  ocean  project  starts  with  inertially  derived  aircraft  position  relayed  to  the 
oceanic  ATC  center  by  satellite  communications  link  and  transitions  later  to  GPS/GNSS 
position  data  linked  to  ATC. 

Ultimately,  the  objective  of  FAA  and  all  the  users  is  to  transition  to  the  FANS  air 
traffic  management  concept  which  will,  when  implemented,  allow  operators  to  fly  conflict- 
free  user  preferred  routings  from  departure  point  to  destination.  This  objective  will  require 
highly  accurate  navigation  capability  on  the  airplane,  near  instantaneous  communications 
capability  between  the  airplane  and  the  ATC  agency  and  a  high  degree  of  automation  in  the 
ATC  system. 

The  transition  to  FANS  will  be  costiy  and  must  be  planned  carefully  to  ensure  that  the 
introduction  of  benefits  justifies  the  investments  that  will  be  required  by  both  governments 
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and  users.   Focus  on  early  operational  benefits  can,  we  believe,  drive  the  implementation 
process,  both  within  U.  S.  airspace  as  well  as  in  international  airspace. 

FAA  and  airlines,  working  together,  are  pursuing  early  operational  benefits  that  can  be 
realized  by  utilizing  GPS/GNSS  and  advanced  communications  capability.  You  have  already 
heard  from  Mr.  Robert  Ferguson  about  the  operational  benefits  that  are  being  sought  by 
Continental  Airlines.  Other  ATA  member  airlines  are  working  with  FAA  and  manufacturers 
on  complementary  development  programs.   For  example,  United  and  Northwest  arc  pursuing 
over-ocean  benefits  associated  with  the  introduction  of  Automatic  Dependent  Surveillance 
(ADS)  techniques  on  the  Los  Angeles-Sydney  route.   American  is  working  actively  on 
achieving  Category  I  landing  minimums  using  an  integrated  GPS/inertial  navigation  solution 
on  a  B  757  aircraft.   This  effort  will  be  extended  later,  in  cooperation  with  Boeing  and  others, 
to  seek  FAA  certification  of  autoland  capability  and,  ultimately.  Category  III  landing 
minimums.   A  number  of  airlines  are  pursuing  FAA  approvals  to  operate  on  discrete  terminal 
area  arrival  and  departure  paths  that  do  not  depend  upon  flight  over  a  specific  ground  based 
navigation  aid.   At  the  present  time  these  discrete  routes  are  based  upon  DME  (distance 
measuring  equipment)  updating  of  inertial  navigation  systems.  In  due  course,  the  updating 
will  be  accomplished  using  GPS  to  further  improve  navigation  accuracy  and  Uie  utility  of  the 
aircraft's  Flight  Management  System. 

All  the  activities  I  have  just  described  are  being  pursued  based  upon  the  promise  of 
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safety  and  operational  benefits  that  can,  in  the  airlines'  judgement,  justify  the  cost  of  the 
necessary  modincations  to  the  airplanes.   However,  the  potential  benefits  are  all  dependent 
upon  FAA  actions,  as  well  as  industry  actions.  The  ability  of  FAA  to  deliver  what  is  needed 
in  a  timely  manner  will  be  critical  to  the  pace  of  implementation  of  new  technology  in  the 
National  Airspace  System,  as  well  as  in  the  oceanic  areas  where  FAA  provides  air  traffic 
control  services.  The  airlines,  as  well  as  other  civil  aviation  users,  are  able  to  implement  the 
new  capabilities  far  more  rapidly  than  FAA  is  able  to  effect  the  necessary  ATC  system  and 
institutional  changes,  but  the  pace  of  airline  equipment  modification  will  be  tempered  by  the 
requirement  to  achieve  a  rapid  payback  on  the  capital  that  must  be  invested  in  the  new 
technology.  The  evolution  to  space-based  systems  will  be  governed  primarily  by  economic 
and  institutional  considerations,  not  by  technology.  The  technology  is  available;  the  issue 
facing  us  now  is  whether  the  Administration,  the  Congress  and  the  industry,  working  together, 
can  develop  and  execute  a  plan  that  will  result  in  implementation  of  the  promising  new 
capabilities  in  a  reasonable  time  frame.  We  seek  your  support  for  such  an  effort, 
Mr.  Chairman. 

FAA  requested  the  Radio  Technical  Commission  on  Aeronautics  (RTCA)  to  assist  in 
laying  out  a  road  map  for  the  agency  and  industry  to  follow  in  securing  early  operational 
benefits  from  GPS  and  the  coming  evolution  to  digital  communications  capability.   Mr. 
Watrous  has  informed  you  of  the  work  accomplished  by  RTCA  Task  Force  1  and  the  ongoing 
work  in  Task  Force  2.   FAA  has  initiated  a  number  of  efforts  to  achieve  early  benefits  fi-om 
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introduction  of  GNSS  capability.  The  FAA  Research,  Engineering  and  Development  Service 
has  published  an  "FAA  Satellite  Navigation  Program  Master  Plan,"  to  provide  "requisite 
research,  development,  planning,  programming  and  implementation  guidance  for  the  FAA's 
implementation  of  satellite  technology  in  the  areas  of  navigation  and  communication." 
(Program  Description,  page  E-3.)  The  Flight  Standards  Service  sponsors  an  active  Satellite 
Operational  Implementation  Team  "to  establish  the  technical,  operational,  and  certification 
requirements  and  procedures  for  using  satellites  for  navigation  and  communication."  The  Air 
Traffic  Service  is  drafting  an  Implementation  Plan  for  Satellite-Based  Technology. 

FAA  cannot  be  faulted  for  lack  of  effort.   But  the  agency  is  large,  geographically 
dispersed  and  management  is  diffused.  There  is  no  central  authority  to  ensure  that  all 
the  necessary  pieces  come  together  at  the  right  time  and  in  the  right  manner  to  achieve  the 
operational  benefits  sought  by  the  users.  Further,  experience  indicates  that  the  agency  will 
suffer  procurement  difficulties  with  some  elements  of  the  plan  with  resultant  program  delays. 
It  is  also  likely  that  some  important  criteria  or  procedural  element  will  not  be  completed  in 
time  or  that  some  certification  issue  will  arise  late  in  the  program  and  force  rework  of 
hardware  or  software.   A  systems  management  approach  is  required  to  ensure  that  these  kinds 
of  problems  arc  identified  early  and  dealt  with  before  the  satellite  implementation  program  is 
seriously  delayed. 

Airlines  have  been  critical  of  the  FAA  timetable  and  milestones  laid  out  in  the 
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Satellite  Navigation  Master  Plan.  We  arc  all  going  to  have  to  exercise  imagination  and 
leadership  if  we  hope  to  realize  the  potential  advantages  of  satellite  technology  in  a 
reasonable  time  frame.  We  hope  you  will  be  able  to  assist  us  in  achieving  these  goals, 
Mr.  Chairman,  by  urging  FAA  to:   (1)  develop  a  single,  integrated  plan  to  implement  the  new 
technologies  for  the  purpose  of  realizing  the  safety  and  operational  benefits  for  both  the 
government,  the  U.  S.  manufacturing  industries  and  the  users;   (2)  develop  and  put  in  place  a 
management  structure  and  process  to  ensure  that  the  diverse  elements  of  FAA  are  pulling 
together  in  a  coordinated  manner  and  rime  frame;  and  (3)  identify  any  additional  resources 
that  may  be  required  to  execute  the  program. 

Thank  you,  Mr.  Chairman.   I  am  prepared  to  answer  any  questions  you  may  have. 
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MOVIHG  IHTO  THE  NEW  AIRSPACE 
HOW  CAM  THB  JOB  BE  DONE? 

By 

Captain  David  R.  Raapala 

Nortbwast  Airlines 


In  1961  President  Kennedy  announced  to  the  nation  that  the  United 
States  should  "before  the  end  of  the  decade"  put  a  man  on  the 
moon.  In  the  summer  of  1969,  eight  years  later,  astronaut  Neil 
Armstrong  radioed  these  famous  words  to  an  anxious  population  on 
Earth:  "Houston,  Tranquility  Base  here.  The  Eagle  has  landed." 

In  1983,  the  International  Civil  Aviation  Organization  (ICAO) 
began  work  on  its  definition  of  the  future  air  navigation  system 
(FANS).  In  1987,  it  published  that  plan  in  its  FANS  Report.  Now, 
in  1993,  ten  years  after  it  commenced  its  formal  work  and  six 
years  after  publishing  its  plan,  the  aviation  community  is 
wondering  when  that  future  implementation  will  finally  happen. 

The  operational  and  economic  implications  of  FANS  are  enormous. 
The  FANS  Report  claims  that  the  world's  airlines  can  save  $5 
billion  a  year  in  reduced  fuel  usage  and  time  savings  based  on 
improved  routing,  closer  to  optimum  altitude  selection,  fewer 
disruptions  and  better  communications  for  operational  control. 
Beyond  that  airlines  can  potentially  reduce  avionics-equipment 
cost  by  removing  old  single-function  navigation  systems  like  ILS 
and  replacing  them  with  universal  (takeoff  to  landing)  systems 
based  on  the  U.S.  Air  Force's  Global  Positioning  System  (GPS)  or 
Russia's  comparable  system  called  GLONASS. 

Savings  on  ground-based  navigation  infrastructure  is  possible 
too.  According  to  statistics  released  by  ICAO,  reduced  demand  for 
ground-based  equipment  and  associated  maintenance  costs  could 
save  $450  million  per  year. 

These  very  significant  savings  come  with  a  much  more  capable 
system  as  well.   Northwest  and  other  carriers,  which  have  studied 
and  tested  these  space-based  navigation  and  communications 
systems,  believe  that  they  can  effectively  replace  ILS  and  its 
substitute  MLS  (not  without  controversy,  however,  especially  m 
Europe) ;  all  of  the  present  VHF  navigation  system;  all  marker 
beacons;  all  compass  locators;  all  distance  measuring  equipment 
(DME)  signals  and  the  high  frequency  (HF)  radio  communications 
system  which  pilots  have  complained  about  for  decades.   Further, 
while  replacing  these  old,  less  reliable  and  expensive  units, 
airlines  and  other  aviation  users  will  be  able  to  fly  to  more 
runways  at  more  airports  in  more  adverse  conditions  with  greater 
precision  and  safety. 
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Nor-thwest  is  also  very  actively  pursuing  the  promise  of  enhanced 
vision  which  will  complement  space-based  navigation  systems 
dxiring  takeoff,  landing  and  taxi  operations  as  well.  Northwest  is 
excited  and  encouraged  about  enhanced  vision  because  it  believes 
that  EVS  can  allow  operations  during  times  of  reduced 
visibility  -  including  dar)cnes3  -  to  any  runway  without  expensive 
upgrades  to  lighting  and  ground  control  systems  which  are 
required  with  other  alternatives. 

It  is  not  hyperbole  to  state  that  the  entire  aviation  industry  is 
on  the  threshold  of  momentous  change  in  the  way  of  doing  business 
because  of  new  satellite  and  terrestrial  data  communications, 
satellite  navigation  and  improved  situational  awareness  with  new 
enhanced  vision  systems. 

In  the  fall  of  1992,  a  task  force  of  U.S.  experts,  organized  by 
RTCA  (a  FAA  advisory  organization)  ,  published  recommendations  on 
the  early  implementation  of  what  it  described  as  the  Global 
Navigation  Satellite  System  (GNSS)  .   Now  in  1993,  a  similar 
second  task  force  is  working  on  a  corollary  project  for  data 
communications  which  will  be  the  other  vital  enabling  piece  of 
the  envisioned  new  airspace  system. 

How  can  we  speed  the  migration  to  tomorrow's  more  capable  air 
traffic  management  (ATM)  based  on  satellites  and  data 
communications?  What  sort  of  organization  should  be  proposed  to 
do  this?  How  should  it  be  funded?  How  can  it  be  realistic, 
workable  and  practical  rather  than  theoretical,  bureaucratic  and 
ponderous? 

WHAT  IS  THE  PROBLEM? 

The  development  and  implementation  of  the  new  ATM  system  is 
nearly  stalled.   Simple  changes  such  as  pre-departure  clearances 
and  automatic  terminal  information  services  have  taken  years  to 
introduce  and  are  available  at  only  a  few  locations.   Oceanic 
clearances  across  the  North  Atlantic  are  still  overly  ponderous 
and  not  universally  available.   More  ambitious  programs,  such  as 
the  microwave  landing  system  (MLS)  and  the  advanced  automation 
system  (AAS)  have  been  years  behind  schedule.  Route  economies  and 
improved  safety  based  on  automatic  dependent  surveillance  (ADS) 
are  seen  as  being  at  least  five  years  away. 

The  problem  is  not  the  people,  it  is  the  system.   The  aviation 
community  -  including  the  FAA  -  has  many  intelligent,  talented 
and  energetic  people.   There  are  also  many  well  managed,  commit- 
ted organizations  which  are  dedicated  to  aviation's  continued 
success.  Yet,  many  feel  frustration  that  progress  toward  the 
promised  rewards  of  the  new  satellite-based  communication, 
navigation  and  surveillance  (CMS)  system  is  near  paralysis. 
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complicating  this  situation  is  the  extremely  poor  economic 
situation  in  which  most  of  the  world's  airlines  find  themselves 
in  1993.   Because  of  heavy  operating  losses  for  several  years, 
many  airlines  simply  do  not  have  the  rasourcas  necessary  at  this 
time  to  ma'/ce  investments  of  several  millions  of  dollars  no  matter 
how  desirable  the  operating  benefit. 

Northwest  Airlines  desires  to  achieve  new  operating  efficiency  in 
oceanic  regions  and  terminal  areas  using  these  technologies. 
However,  the  investment  analysis  necessary  to  justify  appropriate 
equipage  becomes  problematic  because  the  benefits  cannot  be  fully 
realized  until  a  complementary  ground  infrastructure  is  developed 
and  fielded  which  will  support  ADS  and  other  navigation 
improvements . 

KSW  THIK3CIKG  IS  CALLED  FOR 

A  number  of  concerned  people  have  begun  to  have  doubts  about  the 
development  processes  which  the  industry  has  traditionally  used 
in  the  past.  Some  are  openly  doubting  the  capability  of  customary 
institutions  and  their  bureaucracies  to  adequately  deal  with  this 
formidable  tasX. 

Here  are  some  reasons  why  the  process  is  so  slow: 

THZSS'S  TOO  MUCH  DIVISION 

The  aviation  industry  has  evolved  over  nearly  a  century.  Because 
of  its  geographical  scope  and  considerable  complexity,  a  number 
of  disciplines  and  organizations  have  been  created  to  manage  it. 
These  independent  institutions  include  governmental  bodies  such 
as  ICAO  and  the  world's  CAAs.  It  also  includes  consensus  and 
standardization  bodies  such  as  the  AZEC  and  RTCA.   Market-driven 
organizations  include  airframe  manufacturers,  avionics  vendors, 
airlines  and,  to  some  degree,  service  providers,  such  as  ARINC, 
SITA  and  INMARSAT.   Advocacy  or  advisory  groups  include  AOPA, 
NBAA,  ATA  and  lATA  and  "think  tanks"  such  as  NASA,  Mitre  and 
Lincoln  Laboratory. 

Further  complicating  this  array  of  institutions  is  a  multitude  of 
sub-groups  representing  in  various  ways  the  interests  of  each  of 
these  parents.  It  has  long  been  impossible  for  anyone  to  follow 
the  meetings  of  these  groups  -  much  less  know  what  is  happening 
in  them.   All  of  this  has  led  to  a  gigantic  Tower  of  Babel  where 
nobody  completely  knows  what  is  going  on  and  few  -  if  any  -  can 
even  understand  all  of  the  acronyro-laced  language. 
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THZSS'S  TOO  MUCa  ALLE6IANCS  TO  PAROCaZAL  INTSRSSTS 

Too  many  people  who  are  charged  with  making  the  improvements  have 
no  real   motivation  to  do  so.  In  fact,  many  of  them  have  an 
overriding  motivation  to  maintain  the  status  quo. 

Few  (if  any)  organizations  have  as  their  mission  the  charge  of 
making  things  better  for  somebody  else  while  endangering  some- 
thing they  hold  dear.  And  yet,  in  order  for  some  desired  changes 
to  occur  in  the  world's  airspace  system,  some  compromising  is 
going  to  have  to  occur. 

THSRS'S  NO  OVSRALL  II1FLEMS2ITATI0N  PLAN,  ORGANIZATION  OR 
ACCOOHTAaiLITY 

Complicating  the  lack  of  progress  toward  FANS  even  more  is  the 
fact  that  no  organization  has  overall  responsibility  for  coordi- 
nating and  leading  the  overall  effort. 

Today,  no  organization  seems  to  have  the  proper  composition  to 
design  and  implement  desired  new  technology  within  a  reasonable 
and  economic  time  frame.   (some  would  argue  that  ICAO  should  play 
that  role.   However,  ICAO  is  a  poor  candidate  for  this  kind  of 
work  because  of  its  built-in  and  inciimbent  bureaucratic  process. 
ICAO,  like  CAA  organizations,  are  better  suited  to  endorse   rather 
than  invent   new  air  traffic  concepts,  technology  or  procedures.) 

THERE'S  TOO  MUCH  BUREAOCRACY 

It  is  traditional  that  air  traffic  functions  are  controlled, 
maintained  and  improved  by  government.  In  the  United  States,  of 
course,  the  agency  responsible  is  the  FAA.   While  the  FAA  has  a 
proud  legacy  of  overseeing  decades  of  aviation  growth  and  unprec- 
edented improvements  in  transportation  safety,  few  are  particu- 
larly proud  of  its  recent  record  of  adapting  new  technology  into 
service.   Why  can't  the  FAA  respond  faster  and  better  to  the 
bountiful  technology  buffet  which  it  is  offered? 

This  question  is  not  meant  to  be  mean-spirited  or  cynical.  The 
Clinton  Administration,  itself,  is  recognizing  the  inability  of 
government  to  manage  some  things  well  and  has  acknowledged  this 
shortcoming  publicly.  In  fact,  Vice  President  Gore  is  presently 
leading  the  Administration's  effort  to  reduce  government  fossil- 
ization  by  "reinventing  government."   A  number  of  career  govern- 
ment officials  have  also  asked  this  question  in  various  ways:  Why 
can't  government  do  business  functions  well? 

Management  professor  Peter  Drucker  claims  that  there  are  two 
basic  reasons  for  this:  (1)  Governments  by  their  very  nature  are 
political  and  not  economic,  and  (2)  because  governments  must 
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respond  to  various  conflicting  constituencies,  they  can't  raanage 
controversial  or  "hard"  projects  well  where  tough  decisions  can 
cause  some  interests  to  lose. 

But  government  isn't  the  only  victim  of  bureaucracy.  There  is 
enough  of  it  to  go  aro\md  in  any  large  organization.   It  is  the 
organization  model  which  is  flawed,  not  the  people  within  it. 
This  bureaucratic  model  is  under  attack  from  a  legion  of 
management  experts.  But,  it  isn't  only  management  consultants  who 
criticize  it,  it  is  also  effective  managers  such  as  Jack  Welch, 
the  CEO  of  General  Electric.  The  bottom  line  is  this:  The 
bureaucratic  model,  sometimes  also  referred  to  as  the  hierarchi- 
cal model  -  like  "division  of  labor"  -  doesn't  work  well  in 
knowledge-intensive  work  activity. 

THERE'S  TOO  MUCH  RELUUfCB  OH  VOLUBTBSRISM 

Volunteer  service  is  a  noble  pvirsuit.  Yet,  it  has  limits  and  will 
not  accomplish  the  desired  FANS  if  relied  on  too  heavily. 

A  common  complaint  in  many  industry  forums  today  is  that  the 
users  don't  attend.   Yet  many  user  organizations  want  to  attend 
to  development  issues  but  simply  can't. 

Why  is  this  so?  The  answer  is  obvious  to  any  close  observer  of 
the  current  economic  situation  which  the  world's  airlines  find 
themselves.  They  can't  Afford  it.  Furthermore,  there  is  little 
hope  that  this  situation  will  change  for  a  number  of  years. 

THSREFORE,  TBBflS  RESULTS  OCCUR 

-  Airlines  and  other  users  have  no  control  over  program 
management  or  progress.  This  is  especially  true  in  the 
development  of  new  ATC  infrastructure. 

-  Airline  and  other  user  inputs,  validation  and  program 
review  are  missing  or  inconsistent. 

-  operational  innovation  and  procedural  solutions  are  too 
infrequently  applied  while  technical  solutions  are  often 
overly  elaborate. 

-  There  is  no  real  urgency  to  finish  anything. 

-  Development  dolleurs  are  wasted. 

-  Operational  improvements  which  could  save  the  airlines 
billions  of  dollars  per  year  languish. 
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POSSIBLE  SOLXrriOMS 

The  challenge  which  aviation  faces  in  managing  the  movement  to 
the  new  FANS  is  indeed  awesome.  But  there  is  a  way. 

X.  Reorganize  using  team  ooneepts  rather  than  the  traditional 
groups.   The  teams  must  include  the  user  community.   Pilots  and 
controllers  must  be  involved.  The  teams  could  be  composed  of 
avionics  vendors,  ATC  equipment  vendors,  airframe  OEMs,  airline 
operations  and  engineering  personnel,  and  selected  ATC  experts. 
It  will  be  up  to  the  team  organizers  to  determine  the  composition 
of  their  teams,  but  it  is  expected  that  innovation  skills  will  be 
at  least  as  important  as  subject  matter  expertise. 

2.  Ensure  that  the  teams  are  fully  funded.   Volunteer  wor3c  won't 
"cut  it."  Full  time  professional  work  must  largely  supplant  the 
continuing  volunteer  work  which  will  take  place. 

3.  Empower  the  taaffls  to  make  decisions  vhioh  will  ba  honored. 
This  will  require  interest  groups  to  give  up  the  right  to  veto 
decisions  of  the  team.   Difficult  decisions  in  the  past,  such  as 
reducing  cockpit  staffs  to  two  rather  than  three,  was  accom- 
plished because  of  an  agreed  to  precondition  that  various  inter- 
est groups  would  abide  by  the  ultimate  decision.   Such  a  deci- 
sion-making body  is  worth  exploring  in  this  case.  If  implemented, 
however,  it  needs  to  be  staffed  with  experts  of  exceptional 
credentials  and  led  by  extraordinary  facilitators  with  profound 
sensitivity  and  judgement. 

4.  Demand  accountability.   The  teams  should  be  managed  with 
schedules  and  other  tangible  methods  of  reporting  results. 
Complementing  the  overall  decision-making  body  should  be  the 
overall  program  management  entity  responsible  for  getting  the  job 
done,  on  schedule  and  within  budget.   This  function  will  also 
require  a  team  of  extraordinarily  gifted  managers  with  extraordi- 
nary project  management  skills. 

5.  Assign  appropriately  sized  projects  to  the  teams.   Do  not  make 
the  assignments  so  large  that  new  bureaucracies  need  to  be 
created  to  organize  them. 

6.  Cross  fertilize  the  teams.  Ensure  that  each  team  is  knowl- 
edgeable in  a  high-level  way  about  the  activities,  objectives, 
progress  and  breakthroughs  of  the  other  teams. 

7.  Consider  competing  tetun  projects.   Especially  when  alternative 
technical  solutions  are  available,  competition  may  be  highly 
effective  in  promoting  the  best  solution  in  the  most  economical 
way.   Some  specific  tasks  might  be  handled  this  way,  such  as  a 
new  oceanic  workstation  or  even  a  new  oceanic  control  center. 

8.  set  goals  properly.   The  purpose  of  the  effort  is  not  to 
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protect  sacred  cows  or  to  advance  parochial  interests.  It  is  to 
determine,  develop  and  put  into  operation,  new  air  traffic 
management  solutions  in  the  most  efficient  way  possible. 

FUNDXMG  POSSIBILITIES 

Airlines  will  be  motivated  to  invest  in  new  technology  only  when 
economic  benefits  can  be  clearly  realized  and  when  there  is  a 
reasonable  time  correlation  between  the  payout  and  payback.   But 
in  the  meanwhile,  where  will  the  funding  for  development  come 
from?  Three  general  possibilities  suggest  themselves: 

Government.   Governments  can  gain  by  allowing  competitive 
innovators  to  take  more  responsibility  for  modernizing  their 
air  traffic  systems  and  thereby  improving  their  transporta- 
tion infrastructures. 

Private  industry.  Manufacturers  and  vendors  gain  because  it 
offers  a  way  to  substantially  reduce  development  time  and 
therefore  increases  their  return  on  investment. 

partnerships,  consortiums  or  other  alliances  between  govern- 
ment and  private  industry. 

The  first  two,  government  and  industry  investment  are  traditional 
and  well  known.  The  partnership  idea  is  more  novel  and  has  some 
particular  interest  to  Northwest  and  other  airlines.  It  has  also 
been  discussed  and  apparently  will  be  recommended  by  the  National 
Commission  to  Ensure  a  Strong  Competitive  Airline  Industry. 

Currently  the  government  is  supporting  "partnership"  programs 
with  the  airline  industry  in  at  least  two  ways: 

(1)  The  Technology  Reinvestment  Project  for  defense  technol- 
ogy conversion,  administered  by  the  Advanced  Research  Pro- 
jects Agency  (ARPA) . 

(2)  A  possible  new  Aeronautical  Telecommunications  Network 
(ATN)  corporation  sponsored  by  the  FAA  with  the  cooperation 
of  the  Air  Transport  Association  (ATA) . 

Northwest  has  teamed  with  three  private  industry  groups  which 
have  submitted  proposals  to  ARPA  for  an  advanced  landing  system 
using  satellite  navigation  and  enhanced  vision  imaging;  an 
electronic  maintenance  diagnostic  and  reporting  tool  to  reduce 
maintenance  delays;  and  a  computerized  system  of  recovery  after 
unavoidable  weather  disruptions. 

Successful  privatization  initiatives  should  be  investigated  for 
possible  inspiration  and  guidance.  There  are  likely  models  which 
may  be  applied  which  could  show  the  path  to  win-win  outcomes  for 
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all  the  constituencies  of  such  a  program  -  public  and  private. 

Borrowing  mechanisms  should  also  be  explored.   Repayments  can 
come  from  future  savings.   User  fees  and  pay-as-you-use  plans  can 
be  possible  vehicles  to  accomplish  this.   Care  needs  to  be  used, 
however,  to  not  add  debt  to  airline  balance  sheets  or  to  penalize 
users  for  unrealized  benefits. 


SUMMARY 

Airlines  and  other  aviation  users  want  the  benefits  of  new 
satellite  navigation  and  communication  technologies.  They  also 
want  to  migrate  at  the  earliest  possible  time  to  the  new  FANS. 

Investments,  however,  must  be  aligned  with  the  benefits.   Air- 
lines cannot  afford  a  "benefit  gap."  Therefore,  if  these  effi- 
ciencies for  the  public  are  going  to  happen  soon,  a  new  method  of 
achieving  more  reasonably  rapid  implementation  must  be  found. 

Exploring  new  organizational  structures  and  innovative  funding 
techniques  are  seen  as  possible  solutions. 
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Chairman  Oberstar  and  Members  of  the  Subcommittee: 

My  name  is  Howard  Johannssen,  and  I  am  the  National  Chairman  of  the 
Professional  Airways  Systems  Specialists  (PASS),  District  No.  6  -  MEBA  {AFL- 
CIO).    Thank  you  for  allowing  me  the  opportunity  to  testify  before  you  today 
concerning  current  and  future  uses  of  satellite  technology  in  the  aviation 
industry. 

Since  1977,  PASS  has  proudly  served  as  the  exclusive  representative  for 
more  than  1 0,000  Technical  and  Aviation  Systems  Specialists  employed  by  the 
Federal  Aviation  Administration  (FAA).    Presently,  our  bargaining  unit  consists 
of  Flight  Standards  Aviation  Safety  Inspectors  (AFS),  Office  of  Aviation 
Systems  Standards  Flight  Check  Pilots  and  Crew  (AVN),  and  Airway  Facilities 
Maintenance  Technicians  (AF)  who,  on  a  daily  basis  maintain,  repair,  inspect 
and  certify  all  of  the  equipment  used  in  the  National  Airspace  System  (NAS). 

Today,  many  private  and  public  groups  have  emerged  within  the  aviation 
industry  which  are  attempting  to  expedite  replacement  of  current  NAS 
navigation  systems  with  either  a  Global  Navigation  Satellite  System  (GNSS)  or  a 
Global  Positioning  System  (GPS).    In  fact,  in  their  attempts  to  obtain  support  for 
a  rapid  GNSS/GPS  implementation  plan  they  advertise  that  Department  of 
Defense  (DoD)  "satellites  are  nearing  operational  service  and  are  offered  free  to 
the  world"  and  that  DoD  satellites  "improve  safety,  effective  traffic  separation 
and  precise  instrument  flight." 
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Undoubtedly,  these  various  groups  are  motivated  foremost  by  a  profit 
incentive.    Yet,  after  analyzing  their  actions  and  their  intentions,  PASS  believes 
that  their  goals  are,  for  the  most  part,  honorable  and  well-directed. 
Nevertheless,  we  also  firmly  argue  that  safe  implementation  of  a  GPS  system 
cannot  be  accomplished  without  full  agreement  by  both  government  and 
industry  on  system  standards,  procedures  and  frequency  allocation.   Therefore, 
we  seek  to  be  included  in  the  GPS  planning  and  implementation  processes. 

Currently,  the  FAA  —  in  conjunction  with  aviation  groups  -  is  sponsoring 
a  "proof  of  concept"  approach  for  dealing  with  the  experimental  GPS  systems. 
Once  this  approach  is  tested  and  verified,  we  believe  that  many  short  and  long- 
term  benefits  can  be  achieved.   Under  investigation  now  is  a  GNSS  In-Service 
Test  (GIST)  FAA  sponsored  project  called  Project  DFW  (1)  (PD)  which  is  being 
conducted  at  Dallas  Fort  Worth  (DFW)  and  Alliance  (AFW)  Airports.    According 
to  its  stated  purpose,  "this  project  will  provide  for  the  demonstration  of  a 
Global  Navigation  Satellite  System  (GNSS)  with  the  capability  of  performing 
precision  approaches  and  landings." 

While  this  project  appears  to  ambitiously  cover  all  aspects  of  precision 
approaches,  data  is  only  being  gathered  on  Category  I  (Cat  I)  approaches,  the 
use  of  Differential  GPS  (DGPS)  and  a  follow  up  for  3  Dimensional  (3D) 
technology.    Hence,  while  the  data  may  appear  to  fulfill  expectations,  many 
challenges  could  arise  since  Category  II  and  Category  III  operations  may  pose 
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technical  difficulties  which  are  significantly  different  than  those  of  Category  I. 

To  date,  some  problems  have  already  arisen  in  this  procedure  and  in  other 
planning  projects  being  conducted  by  the  FAA.    In  fact,  until  recently,  the 
FAA's  technical  work  force  -  our  Airway  Facilities  employees  -  had  been 
entirely  excluded  from  the  GPS  planning  and  testing  processes.   Yet,  the 
Agency's  internal  documentation  states  that  "...augmentation  of  GPS  may 
require  the  expenditure  of  funds  for  additional  space  and/or  ground 
stations.. and  may  require  publicly  funded  differential  stations.    If  so,  these 
facilities  will  have  to  be  sponsored  and  procured  by  Airway  Facilities." 

Without  a  doubt,  Project  DFW  is  extremely  promising  and  highly  valuable. 
However,  PASS  believes  that  our  Systems  Specialists  must  be  allowed  to 
participate  in  every  aspect  of  this  project  and  must  be  given  the  opportunity  to 
assist  in  the  determination  of  safe  parameters  for  the  GPS  in  private  and 
commercial  aviation.   Therefore,  we  urge  the  FAA  to  include  all  facets  of  the 
aviation  community  in  this  initial  test  project  and  to  provide  the  necessary 
resources  for  full  exploration  of  the  GPS  beyond  military  and  general  aviation 
operations. 

Unquestionably,  our  AF  members  have  the  talent,  knowledge  and  ability 
necessary  to  maintain  our  current  systems  and  to  install,  to  maintain  and  to 
certify  future  systems  within  the  FAA.    Additionally,  our  Flight  Standards  and 
Aviation  Systems  Standards  members  have  the  regulatory  and  avionics 
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experience  required  for  successful  completion  of  testing  and  procedures  for 
GPS.    As  you  can  see,  development  of  procedures  and  equipment  for  satellite- 
based  systems  should  incorporate  representation  from  all  disciplines  within  the 
FAA. 

Through  our  affiliation  with  many  international  aviation  organizations, 
including  the  International  Transportation  Federation  (ITF),  Public  Services 
International  (RSI)  and  the  International  Federation  of  Air  Traffic  Safety 
Electronics  Associations  (IFATSEA),  PASS  has  become  aware  of  many 
concerns  within  the  international  aviation  community  which  also  pertain  to  the 
implementation  of  a  GPS  system.    From  my  discussions  with  representatives  of 
these  organizations,  which  represent  ATC  professionals.  Safety  Inspectors  and 
Pilots  abroad,  I  have  found  a  mixed  spectrum  of  fears,  particularly  with  regard 
to  the  use  of  a  GPS  system  that  would  rely  on  the  current  U.S.  DoD  satellite 
system. 

In  our  opinion,  without  International  Civil  Aviation  Organization  (ICAO) 
approval  for  the  use  of  U.S.  GPS  satellite  navigation,  the  FAA  will  be  required 
to  operate  dual  facilities  (ground  equipment  and  satellite)  at  all  U.S. 
international  airports.     Therefore,  there  is  an  urgency  for  full  international 
agreement  and  cooperation  on  the  use  of  a  GPS  system.    Undoubtedly,  without 
international  support,  implementation  of  a  GPS  system  would  be  very  costly 
and  would  require  an  enormous  amount  of  equipment  and  personnel. 
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As  we  prepare  to  rely  more  and  more  upon  satellite  technology,  our 
primary  focus  must  remain  on  the  FAA  and  on  the  way  it  will  do  business  in  the 
future.    At  present,  the  Agency  serves  the  users  of  the  NAS  in  a  remarkable 
way.    In  our  opinion,  there  is  no  other  federal  agency  that  can  compare  to  the 
FAA's  record  or  level  of  accomplishment;  the  mission  of  the  FAA  is  carried  out 
safely  and  efficiently  because  the  people  and  the  equipment  are  proven.   Thus, 
in  order  to  preserve  its  solid  reputation,  as  well  as  the  integrity  of  the  flying 
skies,  the  FAA  must  strive  to  achieve  the  cooperation  and  the  concerted  efforts 
of  the  entire  aviation  community;  for,  only  with  substantial  teamwork  will  the 
FAA  be  able  to  ensure  the  safety  of  the  National  Airspace  System  as  we 
embark  upon  future  navigation  systems. 
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Testimony  of 

Christopher  R.  McCleary 

American  Mobile  Satellite  Corporation 

Mr.  Chairman  and  Members  of  the  Subcommittee,  my  name  is 
Chris  McCleary.   I  am  Vice  President  of  Sales  and  Marketing  for 
American  Mobile  Satellite  Corporation.   Thank  you  for  the 
opportunity  to  tell  you  about  AMSC  and  its  plans  to  provide 
satellite  service  to  the  aviation  industry. 

AMSC  is  the  entity  licensed  by  the  Federal  Communications 
Commission  to  construct,  launch  and  operate  a  Mobile  Satellite 
Service  system  for  the  United  States.   The  FCC  authorization 
specifically  includes  permission  to  provide  the  facilities  for 
aeronautical  communications  by  satellite,  including  what  is 
called  "AMSS(R)"  or  aviation  safety  communications. 

AMSC's  owners,  the  largest  of  which  are  04/Hughes 
Electronics,  Inc.  and  McCaw  Cellular  Commxinications ,  Inc.,  have 
already  raised  and  invested  over  $375  million  in  the  construction 
of  what  is  expected  to  be  a  $500  million  satellite  system.   The 
first  satellite,  to  be  launched  in  mid-1994,  will  be  the  most 
powerful  commercial  satellite  ever  laxinched,  with  the  capability 
to  provide  two  thousand  cheuinels  of  mobile  voice  communications 
to  terrestrial,  maritime  and  aeronautical  users. 

Despite  the  success  of  cellular  and  other  terrestrial  mobile 
radio  technologies,  as  much  as  half  of  the  land  mass  of  the 
United  States  for  the  foreseeable  future  will  remain  unserved  by 
these  technologies.   This  is  where  the  satellite  comes  in.   The 
satellite's  footprint  will  cover  North  America  (including  up  to 
600  miles  offshore  and  in  the  Caribbean),  filling  in  the  often 
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sizable  gaps  among  terrestrial  systems.   This  means  that  for  the 
first  time  vast  rural  and  remote  areas  will  have  access  to  modern 
mobile  communications  for  fire,  police  and  ambulance  service  and, 
of  particular  Importance  to  the  Public  Works  and  Transportation 
Committee,  the  U.S.  Interstate  transportation  Industry  will  have 
seamless  voice  communications  for  trucks,  trains,  barges  and  air 
freight  travelling  throughout  the  United  States. 

AMSC  Is  also  strengthening  the  American  economy  In  Its 
procurements.   The  AMSC  satellite  bus  Is  being  built  by  Hughes 
Aircraft  Company  In  El  Segundo,  California.   Westlnghouse 
Electronic  Systems  Is  designing  the  Network  Operations  Center  and 
General  Dynamics  Is  providing  the  satellite  launch. 

Upon  the  launch  and  deployment  of  Lhe  AMSC  system,  the 
aeronautical  Industry  will  be  able  to  utilize  a  new,  advanced 
comnninlcatlons  facility  for  air  traffic  control  (ATC),  airline 
operations  communications  (ACX::) ,  airline  administrative 
communications  (AAC) ,  and  airline  passenger  consminicatlons  (APC) . 
Certain  AAC  and  APC  services  will  be  provided  using  the  standard 
AMSC  ground  facilities.   ATC  and  AOC  services  will  require 
specialized  ground  facilities.  AMSC  is  working  with  potential 
service  providers  such  as  Aeronautical  Radio,  Inc.  and  IDB 
Aeronautical,  Inc.  to  develop  these  facilities.   AMSC  is  also 
developing  the  capability  for  individual  airlines  to  establish 
their  own  private  networks  using  dedicated  ground  facilities  and 
AMSC's  space  segment.   The  cost  of  terminal  equipment  and  user 
charges  will  be  within  reach  of  everyone  from  the  large  carriers 
to  the  general  aviation  enthusiast. 
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Pursuant  to  FCC  requirements  arrived  at  with  the 
participation  of  the  Federal  Aviation  Administration,  AMSC  will 
give  priority  to  aviation  safety  communications.   AMSC  will 
reserve  a  pool  of  channels  for  AMSS(R)  communications  and  will 
expand  that  pool  as  demand  requires,  including  preemption  of 
other  lower  priority  users  if  necessary.   This  arrangement 
provides  a  win-win  situation  for  all  involved.   Radio  frequencies 
that  are  in  high  demand  will  be  put  to  use  efficiently  on  a 
commercial  basis  to  serve  all  users,  and  the  aviation  community 
will  have  access  to  those  facilities  on  a  priority  basis  without 
the  massive  capital  requirements  of  constructing  its  own  high- 
risk  satellite  system.   Earlier  efforts  to  develop  stand-alone 
satellite  syst^ns  for  the  aeronautical  community,  in  the  1970 's 
and  the  1980 's,  demonstrated  that  such  systems  are  not 
economically  viable. 

AMSC  is  extremely  enthusiastic  about  the  value  that 
satellites  will  bring  to  the  aviation  market.   Satellites  can  and 
will  play  an  important  role  in  providing  cost-effective 
communications  that  will  improve  the  safety  and  efficiency  of  the 
industry.   We  look  forward  to  returning  in  a  few  years  to  provide 
you  the  empirical  evidence  of  those  benefits. 
July  28,  1993 
Current  Address:  After  August  6,  1993: 

1150  Connecticut  Avenue,  NW  10802  Park  Ridge  Boulevard 

4th  Floor  Reston,  Virginia  22091 

Washington,  D.C.  20036  703-758-6000 
202-331-5858 


193 


^ 


General  Aviation 
(Manufacturers  Association 


1400  K  SIreel.  NW 
Washington,  D  C  20005-2485 
(202)  393-1500 


Statement  of 

David  W.  Mineck 
Director,  Advanced  Systems 


Collins  Gjmmercial  Avionics,  Rockwell  International 

on  behalf  of  the 

General  Aviation  Manufacturers  Association 

before  the 

Subcommittee  on  Aviation 

House  Committee  on  Public  Works  and  Transportation 

July  28,  1993 

on 

Future  Uses  of  Satellite  Technology  in  Aviation 


194 


Good  morning  Mr.  Chairman  and  members  of  the  Subcommittee.  I  am  David  Mineck, 
Director  of  Advanced  Systems,  Collins  Commercial  Avionics,  Rockwell  International.  Mr. 
John  Girotto,  President  of  Collins  Commercial  Avionics,  serves  as  Chairman  of  the 
Airport\Airway  and  Operations  Committee  of  the  General  Aviation  Manufacturers 
Association  (GAMA).  Today,  therefore,  I  will  speak  on  behalf  of  both  Collins  Commercial 
Avionics  and  GAMA. 

GAMA  represents  United  States  companies  that  manufacture  business,  commuter,  and 
personal  aircraft,  engines,  avionics  and  other  component  parts.  GAMA  was  an  advisor  to 
the  U.S.  delegation  at  the  ICAO  Tenth  Air  Navigation  Conference  and  GAMA  has  been 
involved  in  numerous  Global  Navigation  Satellite  System  (GNSS)  task  forces  and  working 
groups.   GAMA  is  a  strong  advocate  of  an  early  transition  to  GNSS. 

Headquartered  in  Cedar  Rapids,  Iowa,  Collins  Commercial  Avionics  manufacturers  a 
complete  line  of  communication,  navigation  and  flight  control  avionics  systems  for  general 
aviation,  airline,  and  military  aircraft.  Our  parent  company,  Rockwell  International,  has 
been  a  key  member  of  the  GNSS  implementation  team  since  its  inception.  Rockwell  Space 
Division  designed  and  built  all  the  GPS  satellites  in  orbit.  Rockwell's  Collins  Avionics  and 
Conmiunications  Division  has  designed  and/or  built  the  majority  of  the  DOD  production 
equipment  for  avionics,  shipboard  and  vehicle/manpack  appUcations.  Rockwell's  Digital 
Communications  Division  is  a  leading  supplier  of  GPS  modules  to  Original  Equipment 
Manufacturers  in  a  variety  of  commercial  markets.    Collins  Air  Transport  Division  is 
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currently  developing,  marketing  and  producing  satellite-based  communication  systems 
(SATCOM).  Collins  Commercial  Avionics  Division  has  also  been  a  leader  in  applying  GPS 
to  the  ground  transportation  industry,  including  trains  and  trucks. 

There  is  no  doubt  that  we  stand  at  the  beginning  of  a  new  era  in  aviation.  Our  customers, 
from  airlines  to  business  aviation  to  personal-use  aircraft,  are  already  installing  GPS 
receivers.  Many  in  our  industry  believe  that  the  impact  of  GNSS  on  aviation  will  be  similar 
to  the  introduction  of  the  turbo-fan  engine.  The  question,  therefore,  is  not  whether  we 
should  transition  to  GNSS ...  but  how  can  we  make  a  smooth  and  efficient  transition,  gaining 
the  most  utility  for  the  users  in  the  process. 

Today,  I  will  first  discuss  the  applications  and  benefits  of  GNSS  implementation.  Then,  I 
would  like  to  point-out  what  we  believe  has  gone  "right"  with  the  transition  thus  far.  In 
many  respects,  we  have  done  well.  But  there  are  several  troublesome  technical  and  political 
areas  ahead,  and  I  discuss  each  briefly. 

Applications  and  Benefits  of  GNSS  Implementation 

The  industry  has  documented  the  potential  cost  savings  available  to  all  users  of  a  Global 
Navigation  Satellite  System  (GNSS),  which  includes  datalinks  and  SATCOM.  The  primary 
benefits  are  derived  from  improved  navigation  accuracy,  thereby  increasing  both  enroute  and 
terminal  area  capacity.   When  GNSS  is  fully  implemented,  we  should  be  able  to  achieve 
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close  to  Visual  Flight  Rule  (VFR)  operational  capacities  during  actual  Instrument 
Meteorological  Conditions  (IMC). 

But  other  benefits  derived  from  GNSS  also  contribute  substantially  to  improving  operational 
safety.  Near-precision  or  precision  approach  guidance  can  be  made  available  at  relatively 
little  cost  to  virtually  every  runway,  anywhere  in  the  world.  Terrain  avoidance  can  be 
improved  when  GNSS  position  information  is  used  in  conjunction  with  internally  stored 
terrain  maps.  Combined  with  data  link,  separation  assiu-ance  can  be  improved  both  in-flight 
and  during  ground  operations.  In  addition,  airport  vehicle  management  can  be  substantially 
improved  imder  all  weather  conditions. 

The  application  of  GNSS  and  datalinks  to  and  from  the  aircraft  will  allow  the  air  traffic 
navigation  and  management  ground  structure  to  eliminate  many  current  navaids,  such  as 
VOR,  DME,  ADF,  ILS  and  potentially  MLS.  (As  the  number  of  published  GPS  approaches 
increases,  however,  we  may  actually  increase  the  need  for  new  runway  lighting  systems.) 
The  opportunity  exists  to  develop  entire  air  traffic  and  management  systems  at  relatively  low 
cost  in  those  parts  of  the  world  that  are  currently  without  services. 

The  costs  of  equipping  an  aircraft  for  IFR  flight  will  ultimately  be  reduced  as  GNSS 
replaces  a  number  of  currently  required  sensors... VOR,  DME,  ADF,  ILS,  MLS,  IRS  and 
other  long  range  navigation  aids. 
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GNSS  Program  Successes 

Fortunately,  some  of  the  foundation  for  a  successful  transition  to  GNSS  has  been  laid.  First, 
the  industry  has  already  made  significant  technical  progress  in  defining  how  to  reap  the 
benefits  of  SatelUte  technology.  GPS  technology  is  ready  today,  and  in  many  ways 
technology  has  pushed  the  transition  process.  This  is  the  opposite  of  the  common  pattern 
where  a  transition  plan  pushes  technology.  And  it  is  this  difference  that  accounts  for  much 
of  industry's  enthusiasm  for  the  GNSS  transition. 

An  internationally  approved,  global  civil  aviation  system  concept  designated  FANS  (Future 
Air  Navigation  and  Surveillance)  currently  exists.  The  Aeronautical  Telecommunication 
Network  (ATN)  has  been  defined,  providing  a  basis  for  digital  communications  between  the 
aircraft,  air  traffic  management  and  airline  operations  networks.  Standards  have  been 
established  for  SATCTOM  that  will  soon  be  providing  both  airplane  operational 
communications  as  well  as  improved  passenger  services. 

The  FAA  should  be  commended  for  its  timely  overlay  of  GPS  on  most  of  the  nation's 
existing  non-precision  approaches  and  for  allowing  early  enroute  IFR  navigation  with  GPS. 
Another  GAMA  member  company,  Jeppesen,  assisted  the  FAA  by  providing  the  technical 
expertise  to  complete  the  overlay  project  on  time.  The  FAA  created  the  regulatory 
infrastructure  for  these  non-precision  approaches  and  had  it  in  place  before  the  IFR 
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navigation  GPS  receivers  arrived  in  the  market  This  should  be  the  model  for  future  GNSS 
development 

Demonstrations  of  GNSS  with  datalink  for  enroute  and  approach  are  being  conducted  by 
industry  and  regulatory  agencies  throughout  the  world.  The  aviation  industry  is  anxious  and 
ready  for  the  benefits  of  satellite  technology,  but  several  key  issues  remain  to  be  resolved. 

Key  Issues  To  Be  Resolved 

GNSS  Program  Coordination.  Significant  progress  is  being  made  on  many  of  the  technical 
and  political  issues  associated  with  moving  to  a  satellite  based  aviation  system,  but  the 
current  plans  and  infrastructure  are  causing  significant  delays  in  allowing  the  industry  to 
receive  the  full  benefits  of  GNSS.  We  are  fiiistrated  by  the  fragmented  nature  of 
industry/govenmient  implementation  efforts.  We  need  a  single  authoritative  body  that 
encompasses  all  FAA  GNSS  efforts  and  key  elements  of  the  aviation  industry,  including 
airline/airplane  operators,  airport  operators,  airplane/equipment  manufacturers  and  other 
regulatory  agencies.  This  body  should  be  empowered  to  carry-out  an  integrated  GNSS 
implementation  plan. 

Datalink  Standards.  Standards  must  be  developed  for  datalink  of  differential  information 
to  the  airplane  and  position/identification  information  fi'om  the  airplane.  While  many 
alternatives  exist,  consideration  must  be  given  to  the  cost  impact  on  small,  general  aviation 


199 


aircraft.  We  must  ensure  that  a  cost  effective,  technically  sound  solution  is  adopted. 
Certification  standards  must  be  clarified  so  that  the  manufacturers  can  avoid  the  significant 
expense  of  multiple  software  certifications  to  meet  evolving  standards.  With  today's  digital 
technology,  a  substantial  portion  of  the  product  cost  is  associated  with  software  development 
and  validation. 

Integrity  Warning.  A  satellite  integrity  warning  approach  must  be  defined  and  adopted  that 
is  equivalent  to  and  consistent  with  current  operational  requirements,  without  overly 
restricting  the  availability  of  GNSS  at  any  location.  Immediate  warning  of  GNSS  failure  is 
generally  required,  and  the  industry  would  prefer  to  have  monitoring  and  warning  generated 
by  systems  internal  to  the  receiver,  not  by  external  systems. 

Operational  Integration.  Industry  has  been  focusing  primarily  on  the  technical  performance 
of  satellite-based  systems.  Operational  integration  approaches  must  be  defined  that  address 
air  traffic  management  procedures  so  that  a  mixed  fleet  (GNSS  equipped  and  non-equipped) 
can  inter-operate,  while  still  providing  full  benefits  to  those  that  are  GNSS-equipped. 
Experience  with  Flight  Management  Systems  (FMS)  has  shown  that  many  operators  have 
not  received  the  full  benefits  of  FMS-equipage  because  the  air  traffic  management  system 
was  not  prepared  to  manage  a  mixed  fleet. 
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The  operational  integration  must  also  consider  the  impact  on  aircraft  systems.  The  costs 
to  refit  the  existing  fleet  are  significantly  increased  if  operational  requirements  demand 
extensive  changes  to  already-installed  systems. 

Human  Interface.  Crew  interface  considerations  must  also  be  defined.  Many  of  the  benefits 
of  increased  capacity  will  require  an  approach  that  gives  the  pilot  the  same  situational- 
awareness  confidence  under  actual  IMC  as  that  enjoyed  under  VFR.  Air  traffic  controllers 
must  also  be  trained  to  understand  the  new  capabilities  of  GNSS-equipped  aircraft. 

Precision  Approaches.  The  suitability  of  GNSS  for  Precision  approaches  must  be 
established  as  soon  as  possible.  The  question  could  change  how  the  FAA  plans  to 
implement  the  Microwave  Landing  System  (MLS),  with  its  associated  international 
agreements.  Of  particular  importance  to  general  aviation  is  whether  GPS  will  allow  "near- 
precision"  minimums  (near  200  ft.  AGL).  Also  important  is  the  cost  of  installing  local 
differential  GPS  for  "precision"  approaches. 

International  Standardization.  Increased  airspace  efficiency  must  be  achieved  on  both  a 
domestic  and  international  basis.  This  requires  inter-operability,  coordination  of  technical 
standards  and  implementation  timing. 

GPS  Cost  Allocation.  The  question  of  GNSS  system  control  and  cost  allocation  must  also 
be  resolved  soon.    Most  of  the  cost/benefit  analyses  performed  to  date  do  not  include 
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additional  GNSS  user  fees.  User  fees  based  on  real-time  ATC  system  use  are  already  an 
international  problem.  One  major  airline  recently  reported  that  for  a  particular  flight  leg, 
the  sum  of  the  individual  coimtiy  user  fees  exceeded  the  cost  of  the  fuel  for  the  flight. 
Determining  user  fees  for  GPS  will  be  extremely  difficult,  as  aviation  users  will  represent 
less  than  three  percent  of  all  GPS  users.  In  general,  we  believe  that  safety  of  flight  services, 
such  as  navigation  aids,  should  nol  be  financed  by  "As-you-fly"  fees  because  this  structure 
discourages  the  use  of  safety  equipment,  degrading  the  margin  of  safety. 

Conclusion 

The  world  looks  to  the  U.S.  for  leadership  in  transitioning  to  GNSS.  We  have  the 
technology.  We  must  now  ensure  that  the  regulatory  process  keeps  pace  and  that  we 
develop  a  single,  world-wide  system  of  satellite-based  navigation  and  commimication. 

I  appreciate  this  opportunity  to  appear  before  this  Subcommittee.  I  would  be  happy  to 
answer  your  questions. 
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STATEMENT  OF 

JOHN  O'BRIEN,  DIRECTOR 

ENGINEERING  AND  AIR  SAFETY 

AIR  LINE  PILOTS  ASSOCIATION 

BEFORE  THE 

SUBCOMMITTEE  ON  AVIATION 

COMMITTEE  ON  PUBLIC  WORKS  AND  TRANSPORTATION 

U.S.  HOUSE  OF  REPRESENTATIVES 

JULY  28,  1993 

USE  OF  SATELLITE  TECHNOLOGY  TO  IMPROVE  THE  AVIATION 
SYSTEM  IN  THE  UNITED  STATES 

Good  morning,  Mr.  Chairman  and  members  of  the  subcommittee.  I  am  John 
O'Brien,  Director  of  the  Engineering  and  Air  Safety  Department  of  the  Air 
Line  Pilots  Association  (ALPA) .  ALPA  represents  the  professional 
interests  of  42,000  pilots  flying  for  44  airlines. 

We  appreciate  the  opportunity  to  appear  before  you  and  provide  comments 
on  the  use  of  satellite  technology  to  improve  the  aviation  system  in  the 
United  States.  Like  many  other  members  of  the  aviation  community,  we 
believe  that  satellite  technology  will  provide  significantly  enhanced 
capabilities  in  communications,  navigation  and  surveillance. 
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These  multiple  uses  and  benefits  have  been  adequately  identified  by  many 
creditable  government  and  industry  sources.  Rather  than  reiterating  the 
uses  and  benefits  associated  with  satellite  technology,  I  would  like  to 
describe  a  concern  we  have.  Our  concern  is  that  we,  the  industry  and 
government,  through  lack  of  adequate  resources,  may  not  be  able  to  mount 
the  effort  required  to  achieve  maximvim  beneficial  use  and  earliest 
possible  irrplementation  of  satellite  navigation,  communication  and 
surveillance  capabilities.  So  from  our  perspective,  the  issue  is  how  do 
we  solve  this  resource  problem  so  we  can  achieve  these  benefits  as 
quickly  as  possible. 

The  effort  required  on  the  part  of  industry  and  government  has  many 
components.  I  would  like  to  focus  on  one  of  the  most  critical.  This 
component  involves  defining  the  specific  details  of  the  operational 
requirements  for  both  airline  and  general  aviation  use  of  satellite 
technologies.  Then,  the  criteria  that  will  be  used  by  FAA  for 
operational  approval  of  hardware,  software  and  operational  procedures 
designed  and/or  developed  by  avionics  manufacturers  and  aircraft 
operators  to  meet  these  operational  requirements  must  be  defined. 

Today,  government  advisory  committees  and  industry  organizations,  such 
as  RTCA,  play  a  very  important  role  in  the  development  of  guidance 
material  that  eventually  becomes  the  FAA  certification  criteria  or  other 
related  guidance  information  for  manufacturers  and  operators.  This 
process  is  also  used  in  developing  industry  consensus  on  technical  data 
which  will  be  used  by  FAA  in  the  establishment  of  Technical  Standard 
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Orders  (TSOs)  or  other  regulatory  or  guidance  material  for  the 
certification  and  approval  process  I  previously  mentioned. 

We  are  well  aware  of  the  significant  effort  xindertaken  by  RTCA  to 
identify  the  most  promising  applications  of  satellite  technology  for 
aviation  purposes  and  reach  an  industry-wide  consensus  on  how  best  to 
integrate  them  with  today's  air  transportation  system.  RTCA  membership 
includes  all  of  the  necessary  government  and  aviation  industry 
representation  to  accomplish  the  consensus  building  and  data  development 
work  required  in  order  to  obtain  early  inplementation  of  satellite 
technology . 

RTCA  is  also  a  government  advisory  committee  and  has  played  a  very 
important  role  in  developing  standards  for  many  communication  and 
navigation  systems.  However,  RTCA  resources  are  limited  because  of  the 
cap  on  spending  that  has  been  levied  on  FAA  advisory  committees  by  DOT. 
Also,  because  our  industry  is  in  poor  financial  health  at  this  moment, 
it  is  difficult  to  justify  significant  industry  participation  in  RTCA 
activities  without  a  clear  indication  that  such  a  commitment  will  lead 
to  practical  results. 

Now  back  to  our  concern.  If  the  picture  I  have  just  painted  is  accurate, 
and  I  believe  it  is,  how  are  we  to  proceed  with  rapid  implementation  of 
satellite  technologies  for  our  industry  --  technologies  which  will 
provide  significant  safety  benefits  as  well  as  operational  efficiencies 
which  are  certainly  needed  in  view  of  the  economic  situation  we  are 
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presently  experiencing. 

First,  FAA  must  be  allowed  to  fund  advisory  committees  such  as  RTCA  in 
a  manner  which  is  responsive  to  the  needs  of  government  and  industry. 

Second,  clear  and  definitive  direction  must  be  established  by  FAA,  in 
concert  with  industry,  in  the  development  of  a  road  map  for  early 
implementation  of  satellite  technology.  One  of  the  inportant  steps  in 
this  process  is  currently  underway.  Decisions  which  will  permit  the 
systematic  and  orderly  transition  to  digital  communications  are  being 
developed  by  RTCA  Task  Force  II.  This  Task  Force  is  a  natural  follow- 
on  from  the  earlier  RTCA  work  to  identify  applications  of  satellite 
technology.   However,  much  remains  to  be  accomplished. 

Third,  pending  adequate  FAA  advisory  committee  funding  and  development 
of  a  clear  road  map  for  early  irtplementation  of  satellite  technology,  our 
industry  must  be  willing  to  commit  resources  for  the  development  of 
criteria  for  certification  and  guidance  material.  We  are  one 
organization  who  is  ready  to  make  that  commitment  today. 

In  summary,  we  believe  that  present  satellite  systems  have  significant 
communication,  navigation  and  surveillance  cape±iilities .  However,  these 
capabilities  are  not  being  used  in  a  manner  that  provides  maximum  benefit 
to  aircraft  operators  or  government  agencies  who  must  provide  services 
to  these  operators.  Very  little  pure  research  or  engineering  is  needed 
in  order  to  greatly  increase  the  use  of  these  capabilities.   What  is 
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needed  is  rapid  definition  and  development  of  industry  consensus  on  the 
operational  requirements  and  on  the  technical  data  which  will  be  used  by 
FAA  for  the  certification  and  operational  approval  of  the  hardware, 
software  and  operational  techniques  associated  with  these  requirements. 
The  S\jbcommittee  on  Aviation  can  play  an  important  role  in  this  process. 

This  completes  my  statement,  Mr.  Chairman,  and  I  would  be  happy  to  answer 
any  questions  that  you  and  the  other  members  may  have. 


207 


TESTIMONY 

SECRETARY  OF  TRANSPORTATION 
FBDERICO  PE»A 

HOUSE  PUBLIC  WORKS  AND  TRANSPORTATION  COMMITTEE 
SUBCOMMITTEE  ON  AVIATION 


I  am  pleased  to  appear  before  this  committee  today  to  provide  my 
vision  of  a  truly  revolutionary  technological  achievement  which  I 
believe  will  produce  major  benefits  for  the  industry  and  commerce 
of  the  United  States.   As  civil  use  experience  with  this 
technology  develops,  these  benefits  may  extend  to  mass  consumer 
markets  affecting  a  large  portion  of  U.S.  households.   Because  of 
the  nature  of  this  technology,  benefits  have  already  been 
extended  to  the  far  corners  of  the  world,  extending  the  good  will 
of  the  people  of  the  United  States  in  a  way  that  was  never  before 
possible. 

With  me  today  to  present  detailed  information  on  FAA's  planning, 
research,  and  development  for  aviation  use  of  the  Global 
Positioning  System  (GPS)  are  Martin  Pozeski ,  Associate 
Administrator  for  System  Engineering  and  Development  and  Anthony 
Broderick,  Associate  Administrator  for  Regulation  and 
Certification  in  the  Federal  Aviation  Administration. 

GPS,  begun  in  the  early  1970s,  is  a  space-based  positioning  and 
navigation  system.   GPS  signals  are  continuously  available  on  a 
worldwide  basis  in  any  weather.   The  satellites  are  located 
11,000  nautical  miles  above  the  earth.   To  access  the  system. 
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-  2  - 
users  have  only  to  turn  on  a  GPS  receiver,  like  a  normal  radio, 
with  the  antenna  exposed  to  the. sKy.  ...  ,  - 

GPS  provides  the  greatest  opportunity  to  enhance  the  air 
navigation  system  since  the  introduction  of  radio-based 
navigation  more  than  50  years  ago.   The  impact  of  satellite  based 
navigation  represents  an  enormous  potential  economic  benefit  to 
the  U.S.  aviation  industry — perhaps  billions  of  dollars  a  year. 
The  civil  use  of  GPS  for  oceanic  and  domestic  en  route  flight 
offers  significantly  better  navigation  accuracy  than  previously 
possible.   When  combined  with  other  systems,  it  will  allow  a 
pilot  to  fly  an  optimum  route  to  a  destination,  subject  only  to 
weather  and  the  presence  of  other  aircraft.   This  optimum  routing 
will  provide  considerable  time  and  fuel  savings  in  managing  the 
rapidly  expanding  oceanic  and  domestic  en  route  air  traffic. 

GPS  has  a  wide  range  of  applications  in  other  transportation 
sectors.   In  the  space  program  and  the  growing  commercial  space 
industry,  GPS  is  used  to  satisfy  positioning  and  timing 
requirements  for  earth-orbiting  space  systems,  including  Space 
Shuttle  operations. 

GPS  will  provide  marine  navigators  with  the  first  precise, 
worldwide,  continuous  positioning  and  timing  service.   As  a 
result,  commercial  shipping  will  be  safer,  more  efficient, 
reliable,  and  economical.   GPS,  augmented  with  differential 
signals,  will  satisfy  the  stringent  marine  accuracy  requirements 
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■  ,-.  3  - 
for  harbor  and  harbor  approach  navigation,  that  have  previously 
been  vmattainable- with  other  radionaviga-tion  systems . 

Land  applications  of  GPS  are  expected  to  comprise  the  largest 
category  of  GPS  users.   Although  not  traditional  radionavigation 
system  users,  they  are 'expected  to  employ  various  systems  being 
developed  to  enhance  the  economic  efficiency  and  safety  of  all 
land  modes  of  transportation.   Examples  of  applications  are: 

Intelligent  Vehicle  Highway  Systems  ( IVHS ) ,  will  combine  GPS 
with  communications,  controls,  navigation,  and  information 
systems  to  improve  highway  safety,  ease  traffic  congestion, 
and  reduce  harmful  environmental  effects. 

•  Vehicle  tracking  systems  will  use  GPS  for  commercial  and 
transit  fleet  management,  hazardous  material  monitoring, 
tracking  and  controlling  movements  of  railroad  equipment, 
and  automated  dispatch  of  fire,  paramedic  and  police  units. 

•  GPS  is  also  used  in  surveying,  telecommunications  and 
electric  power  synchronization,  agriculture  and  forestry, 
census  taking,  meteorological  radiosondes,  and  backpacking. 

It  is  too  early  to  say  whether  consumer  markets  will  develop  to 
the  point  where  a  GPS  receiver  is  as  common  place  as  the  radio 
receiver  is  now  in  private  automobiles.   However,  it  is  clear 
that  if  such  a  market  does  develop,  we  are  looking  at  very  large 
numbers  of  installed  units  and  individual  users. 
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-  4  - 
The  U.S.  Coast  Guard  has  established  a  unit  to  provide  support 
and  assistance  to  civil  users  of  GPS,  including  both 
transportation  and  non-transportation  applications.   The  Coast 
Guard  is  also  proceeding  with  research  and  development  of 
implementation  of  GPS  for  marine  users.   The  Coast  Guard's 
efforts,  along  with  those  of  FAA,  are  providing  the  leadership 
necessary  to  promote  the  full  civilian  use  of  this  existing 
technology. 

GPS  was  developed  by  the  Defense  Department  at  a  cost  approaching 
$10  billion.   Even  before  becoming  operational,  GPS  proved  its 
worth  to  the  national  defense  in  the  Desert  Storm  operation. 
However,  because  of  its  potential  value  to  civil  users,  and  in 
recognition  of  the  significant  national  security  implications 
that  may  be  associated  with  its  widespread  civilian  availability, 
Secretary  Aspin  and  I  have  formed  a  joint  task  force  to 
investigate  options  for  the  future  management  of  GPS.   We  want  to 
ensure  that  the  full  potential  civil  benefits  are,  in  fact,  made 
available  to  the  public,  while  preserving  the  national  security 
advantages  of  GPS  for  military  uses.   I  expect  to  receive  the 
Task  Force's  recommendations  this  Fall. 

I  commend  your  interest  in  this  important  subject,  Mr.  Chairman, 
and  we  look  forward  to  working  with  you  to  assure  that  the  full 
benefits  of  GPS  are  rapidly  made  available  to  civil  aviation  and 
the  entire  transportation  industry. 
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Airports  Council  International 


The  Voice  of  Airports' 

Statement  of 

Siegbert  B.  Poritzky^ 

Senior  Vice-President,  Technical  Affairs 

Airports  Council  International  •  North  America 

before  the 

Subcommittee  on  Aviation 

House  Public  Works  and  Transportation  Committee 

July  28,  1993 

The  value  of  GNSS/GPS  to  the  Improvement  of  Airport  Operations 

From  the  standpoint  of  air  traffic  management,  the  dynamic  capacity  of  tfie  airport  and 
terminal  area  ATC  system  are  inextricably  linked.  Moment-by-moment  knowledge,  by 
the  ATC  system,  of  airport  capacity  determines  the  effectiveness  of  tfw  air  traffic 
management  system. 

The  role  the  busy  airport  itself  plays  in  creating  (or  hampering)  system  efficiency  is  not 
hard  to  discern.  An  FAA  study,  now  several  years  old  but  still  valid,  looked  at  what 
were  thought  to  be  realistic,  not  theoretical,  expectations  of  benefits  from  technological 
improvements  in  the  I FR  use  of  the  airport  resourced 

Multiple  independent  approach  concepts  can  yield  44%-100%  increases  in  IFR 
capacity. 

Reduction  of  sep>aration  requirements  t)etween  approaches  for  multiple 
dependent  approaches  can  yiekJ  25%. 

Reductbn  in  longitudinal  separation  standards  can  yield  15%. 

Reduction  in  system  variabilities,  i.e.,  by  automation,  can  yield  12%-16% 
capacity. 

Gains  well  worth  striving  fori  Of  course,  not  all  these  gains  can  be  expected  in  every 
situation,  arKi  several  depend  on  real  integration  t^etween  the  enroute  and  terminal 
area  ATC  system,  but  the  potential  is  there  to  be  exploited. 


~  Ba«ore  Joining  ttw  Mrporti  CouncB  kMKnational  •  Nof«i  AmMto*.  «<•  wttntt  wpt*  ttn  yMis  at  FAA  durtng  ttw  tonnatlv* 
parted  of  QPS/QNSS  ■wnmint  and  poHcyflwklng,  coming  to  FAA  m  Dkactor,  SyMwn  Cnglnxfing  Managomont  allar  many 
yaw*  m  <ha  Ak  Navigation  &  Traffic  Comrol  organizaiion  of  ttw  Air  Tranaport  ilaioelaiion.  Ha  «Ma  ttw  mambar  nominalad  by  tha 
UnMad  Sttlaa  on  ttw  CAO  Futura  Air  ftavigaten  Syatama  Commlttaa.  ki  1884.  ha  wm  parmiaad  to  Mroduoa  to  CAO  FANS  tha 
oonoapl  tar  «»hat  baowna  QNSS.  Ha  aao«aa  on  iha  Board  of  RTCA,  tha  goxammanHndualry  atandarda^naUng  group.  a»  a 
rapraaantattva  of  Iha  airport  oonwnunlty,  and  oo«hairad  tha  Raqulromants  portion  of  Iha  raoant  RTCA  Taali  Forea  1,  aHiad  by 
tha  FAA  AdrnMatrator  to  lacommand  tha  ttantition  atratagy  tor  QNSS.  Ha  la  cunanUy  tha  co-chairman  of  tha  RTCA  Task  Forea  2 
»(Oriiing  group  on  InatttutlonaJ  and  ttanaWon  taauaa  ralatad  to  digltal  cuniwunlcatlona.  and  had  tha  taah  of  coordmaUng  a 
raoommandatton  to  FAA  on  tha  opUmum  QPS/GNSS  diflorantial  tranimlaaion  commurtcaHena  nrtadium. 
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We  realize  that  in  many  places  even  the  forecasted  gains  from  technology  and  system 
management  will  not  be  enough.  That,  of  course,  is  why  the  Airport  Improvement 
Program  (AlP)  and  Passenger  Facility  Charges  (PFCs)  are  crucial  to  building  the  new 
capacity  only  new  njnways  and  new  airports  can  create. 

GNSS/GPS  will  be  a  major  element  in  the  technology  of  airport  and  system  capacity, 
and  in  the  essential  coupling  of  the  airport  and  the  air  traffic  management  (ATM) 
system. 

In  a  recent  action^,  the  Board  of  Directors  of  ACI-NA  recognized  that  system 
integration  and  better  information  flow  are  the  keys  to  a  modem  aviation  technical 
infrastructure,  and  endorsed  an  integrated  policy  with  several  elements: 

GNSS  -  The  Global  Navigation  Satellite  System,  to  which  GPS  is  the  major  U.S. 
contribution,  is  expected  to  be  the  primary  navigation  system  (enroute  and,  especially, 
in  terminal  areas)  along  with  the  Microwave  Landing  System  (MLS)  for  Category  2  and 
3  final  approach  and  landing  guidance.  GNSS  alone  is  expected  to  sen/e  all  navigation 
needs  for  many  aviation  system  users.  Differentially-augmented  GNSS  is  likely  to 
support  operations  to  at  least  Category  1 -equivalent  minima. 

ILS/MLS  -  ACI-NA  supports  and  urges  the  early  completion  of  a  simpler-than- 
currently-specified,  but  Category  2/3-capable,  MLS.  MLS  may  now  be  designed  to 
provide  its  service  in  a  ±12  degree  azimuth  front  coverage  sector,  and  vtnll  no  longer 
require  Precision  DME. 

GNSS  for  Airport  Surface  Operations  -  GNSS-based  airport  surface  traffic  management 
would  significantly  improve  airport  operations  and  is  the  approach  of  choice  for  airport 
surtace  operations. 

GNSS  position  determination  accuracy  could  increase  runway  capacity  in  bad  weather 
at  airports  that  have  converging  or  parallel  runways  where  spacing  does  not  permit 
parallel  approaches  with  current  navigation  aids.  GNSS  could  provide  precise 
navigation  guidance  for  drivers  of  emergency  vehicles,  snow-removal  equipment,  and 
probably  others.  Differential  GNSS/Automatic  Dependent  Surveillance  may  be  capable 
of  providing  the  data  source  for  separation  assurance  functions  now  provided  by 
precision  runway  monitor  (PRM)  systems. 

GNSS  vs.  Ten-estrial  Radar  Sensors  -  Development  of  Automatic  Dependent 
Surveillance  (ADS)  techniques  for  terminal  areas,  using  GNSS  (especially  terminal 
areas  where  VHP  communications  are  difficult  and  in  those  where  radar  can  not  be 
justified)  is  supported  for  the  future. 

The  need  for  terminal  area  weather  information,  winds  aloft  on  the  approach  paths  and 
in  their  vicinity,  microburst  detection,  wake  vortex  detection,  and  possibly  precision 
runway  monitoring  and  backup  airport  surface  detection  radar  will  continue  to  require 
terrestrially-based  independent  sensor  capability. 
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Operational  Opportunities  -  Early  implementation  of  the  ICAO  Required  Navigation 
Performance  concept  is  recommended  to  permit  evolution  from  the  rigid  approach  and 
landing  categories  and  obstacle  clearance  criteria  to  performance-capability-related 
minima  of  the  aircraft  themselves  and  their  crews. 

System  Integration/Digital  Communications  Standards  -  Development  of  terminal  and 
on-airport  automation  systems  should  proceed,  fully  integrated  and  harmonized  svith 
more  capable  air  traffic  management  and  flow  management  techniques.  Worid 
standard,  broadly-applicable  digital  (data  link)  communication,  fully  applicable  to 
satellite  and  terrestrial  communications,  is  crucial. 

It  is  not  hard  to  grasp,  from  these  airport  policy  views,  that  the  days  of  separate 
consideration  of  ATC/ATM  improvements  and  airport  operation  technologies  are  gone. 
And  good  riddance,  if  we  hope  to  gain  the  real  benefits  from  the  synergism  that  is  the 
key  to  aviation's  technological  future. 

Some  Policy  Considerations  of  GNSS/GPS 

I  would  like  now  to  add  some  thoughts  from  the  perspective  of  a  former  member  of 
ICAO  FANS,  and  as  an  airport  member  of  the  recent  RTCA  Task  Forces  working  with 
GNSS. 

It  has  been  argued  that  geostationary  satellite  services  are  likely  to  be  needed  to  make 
up  for  an  inadequate  number  of  satellites,  and  thus  the  differential  service  could  be 
easily  provided  at  low  cost.  This  may  not  be  a  sound  argument  because  a)  between 
GPS  and  GLONASS  there  should  be  enough  satellites,  b)  such  a  differential  service 
might  not  be  available  to  all  users  (at  least  partly  tsecause  of  the  cost),  and  c)  the 
accurate  coverage  would  be  restricted  to  certain  limited  geographic  areas,  which 
would  injure  the  universality  of  the  system.  Because  of  the  gigantic  prospective  GNSS 
user  base,  it  would  be  far  better  to  launch  additional  satellites  for  everybody  if  not 
enough  satellites  appear  from  GPS  and  GLONASS.  The  user  community  should  do 
everything  It  can  to  encourage  early  technical  integration  and  launch  of  the  GLONASS 
system. 

GPS,  the  $10  billion  +  United  States  contribution  to  GNSS,  is  a  major  element  of  the 
GNSS  system.  The  United  States  offer  to  work  in  harmony  with  GLONASS  and  other 
contributors  was  a  peaceful  step  to  help  all  of  aviation.  ICAO  FANS  embraced  the 
concept,  and  ICAO  accepted  the  offers  of  the  U.S.  and  the  CIS  to  make  the  system 
available  indefinitely  at  no  charge  and  to  provide  a  minimum  of  six  years  notice  of  any 
change  in  policy.  It  was  understood  from  the  start  that  the  system  architecture  was 
constructed  in  a  way,  and  the  implementers  were  willing,  to  have  other  states  launch 
satellites  within  the  system  and  thus  broaden  its  ownership. 

GNSS  Availabilitv  and  FAA  Management 

GNSS/GPS,  in  my  view,  is  an  example  of  what  FAA  is  doing  right,  in  which  top 
management  is  fully  committed  to  moving  rapidly.  That  top  management  has  shown  its 
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willingness  to  work  with  the  industry  in  several  ways,  but  prominently  by  asking 
organizations  like  RTCA  to  assure  that  industry  is  involved  and  heard  as  a  partner  in 
the  process.  Of  course  there  will  need  to  be  continuing  vigilance,  pressure  and 
involvement  from  the  user  industry  to  keep  it  moving. 

It  is  no  doubt  true  that  the  enthusiasm  of  FAA's  top  management  for  the  coming 
revolution,  perhaps  not  surprisingly,  does  not  yet  fully  apply  to  the  lower  levels  of  FAA, 
in  part  because  of  the  limited  number  of  capable  staff  (FAA  has  less  than  a  handful  of 
satellite  scientists/engineers).  The  differences  in  approach  of  FAA's  regional 
organizations  remains  a  problem  that  needs  continual  attention. 

Several  old  arguments  about  GNSS  availability  and  management,  its  beginnings  as  a 
military  system,  and  other  allegations  that  are  potentially  destructive  to  the  aviation 
revolution  GNSS  can  trigger,  are  being  recycled^.  The  charges  and  worries  are  not 
new.  They  were  brought  up  by  one  or  two  states  when  the  U.S.  first  made  its  offer  of 
GPS  to  ICAO  FANS  in  1984-85.  The  arguments  had  little  credence,  then  or  now. 

Because  GNSS  will  be  a  safety-of-life  system,  extreme  prudence  is  required  to  assure 
the  integrity  of  the  system  before  a  properly  conservative  FAA  could  approve  the 
system  for  primary  use.  Such  operations,  the  use  of  GPS/GNSS  for  "special  Category 
1"  low  visibility  landing  operations,  and  later  application  to  even  lower  visibilities  require 
not  only  very  high  accuracy,  but  demand  a  capability  that  represents  the  toughest 
challenge  for  satellite  systems,  as  yet  undemonstrated,  of  providing  nearly 
instantaneous  failure  warning  and  annunciation.  The  FAA  time  table  for  these 
decisions  may  be  conservative,  but  it  would  be  foolish  to  promise  specific  results  when 
the  technology  is  not  yet  here.  It  would  be  equally  foolish  to  abandon  the  Microwave 
Landing  System  until  the  capability  of  GNSS/GPS  for  low  visibility  operations  is  proved 
safe  beyond  the  shadow  of  a  doubt,  and  until  we  are  sure  that  less  sophisticated 
aircraft  than  modem  commercial  jetliners  are  not  disadvantaged  by  such  a  decision. 

The  middle  letter  in  ADS  stands  for  D  as  in  "DependenT-  automatic  dependent 
surveillance  depends  on  the  aircraft  navigation  system  performance.  These  new 
services  will  be  acceptable  only  if  their  safety  and  integrity  are  very  high.  Backup 
services  may  well  be  required,  especially  for  terminal  area  services,  possibly  by  multi- 
function sensors  v^ich  include  Secondary  Surveillance  Radar  (SSR)  and  pertiaps 
Mode  S. 

Where  Should  FAA  Concentrate  its  Efforts  Now? 

It  is  my  belief  and  that  of  the  Association  I  represent,  that  the  technology  of 
GNSS/GPS  is  here.  It  is  not  a  futuristic  R&D  scheme.  The  task  is  no  longer  to 
establish  whether  it  wori<s,  but  how  to  implement  it  quickly  and  safely.  This  fact  should 
drive  FAA's  efforts. 

1.        Pertiaps  the  most  important  task  now  is  for  FAA  to  find  better  ways  to  develop 
the  new  procedures  which  GNSS  makes  possible.  Progress  has  been  made 
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already,  but  a  better  way  to  create  thousands  of  new  location-specific 
procedures  is  needed. 

2.  There  has  been  much  discussion  of  the  GNSS  differential  transmission  medium 
choice,  and  an  early  decision  is  essential. 

3.  There  has  been  much  emphasis  by  some  users  on  early  achievement  of 
providing  GNSS  Category  1/2/3  low-visibility  operations.  This  is  laudable,  and 
airports  support  the  work,  but  it  may  not  be  the  most  important  consideration. 

The  following  need  major  attention: 

4.  The  application  of  high  integrity  GNSS  to  Automatic  Dependent  Surveillance 
(ADS,  in  which  the  automatic  transmission  of  navigation  position  is  used  to 
create  a  "pseudo-radar")  and  other  functions  will  be  important  for  GA  as  well  as 
commercial  aviation.  The  remarkable  capabilities  of  GNSS  are  likely  to  let 
GNSS/ADS  become  a  primary  ATC  surveillance  system. 

5.  GNSS/ADS,  which  requires  early  decisions  on  the  long  sought-after  digital 
communications  system,  is  the  approach  of  choice  for  airport  surface 
surveillance  and  automation.  FAA  needs  to  assure  itself  and  the  industry  of  the 
performance  of  the  system  on  the  airport  surface,  and  its  full  suitability  for  the 
future  challenge. 

6.  GNSS  may  be  the  source  of  the  long  sought-after  talking  beacon"  which  can 
continuously  make  the  location,  identification  and  attitude  of  all  aircraft  known  to 
all  others  and  the  ATC  system. 

7.  GNSS  may  liecome  the  data  source  for  a  collision  avoidance  system  far  simpler 
than  the  current  CAS. 

8.  GNSS  may  sen/e  as  a  simple,  inexpensive  data  source  for  Precision  Runway 
Monitors. 

These  applications  are  where  we  believe  FAA  needs  to  spend  its  energies  now.  It  is 
important  to  make  haste,  but  to  do  it  very  carefully. 

9.  There  is  another  area  where  FAA  attention,  analysis,  and  evaluation  is  essential. 
The  very  characteristic  which  makes  GNSS/GPS  so  attractive,  its  world 
coverage  from  the  surface  up,  also  makes  its  necessarily  weak  signals 
vulnerable  to  interference  and  to  intentional  or  unintentional  jamming.  This  is  a 
matter,  not  for  panic,  but  for  prudent  actions  and  precaujtions.  All  aviation  radio 
systems,  including  ILS,  are  subject  to  interference  and  jamming  by  skilled, 
determined  persons,  and  continuous  vigilance  is  required.  FAA  and  DOT,  well 
aware  of  this  issue,  need  to  work  actively  with  DOD,  FCC,  NTIA,  ITU  and  others 
and  come  to  closure  soon  on  the  means  to  assure  that  the  system  is 
adequately  protected  from  interference.  Standards-setting  bodies,  already  at 
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work  on  this  issue  in  RTCA  and  elsewhere,  need  to  assure  that  receiver  designs 
provide  adequate  protection  against  interference.  In  considering  critical 
applications  of  GNSS/GPS,  FAA  and  the  industry  need  to  agree  on  the 
limitations  and  the  necessary  precautions  against  unlawful  interference  with  the 
operation  of  the  system. 

It  is  important  not  to  blow  this  problem  out  of  proportion.  The  existence  and  use 
of  GLONASS  along  with  GPS  to  make  up  the  Global  Navigation  Satellite  System 
(GNSS)  envisioned  by  ICAO  FANS,  which  offers  so  many  other  benefits  to 
satellite  navigation,  also  helps  minimize  the  potential  impact  of  unlawful 
interference  attempts.  Well-designed  local  differential  transmissions  will  also  play 
a  role  in  protecting  the  system  for  critical  applications. 

GNSS/GPS  Is  Only  One  Part  of  an  Improved  System 

Perhaps  the  most  important  point  to  emphasize  in  summary  is  that  satellite  navigation 
is  QQt  the  most  critical  element  of  the  needed  system  modernization.  As  important  as 
GNSS/GPS  is,  it  is  not  an  air  traffic  control  system,  but  only  a  sensor  which  a  good  air 
traffic  control  system  can  use-  Better  navigation  by  itself  is  of  limited  value  if  the  ATC 
automation  and  digital  communications  are  not  there  to  make  it  useful  to  improve  the 
ATC  system.  (For  example,  it  is  useful  to  recall  that  FAA  developed  and  demonstrated 
the  principles  of  Automatic  Dependent  Surveillance  in  1972.  It  went  nowhere  because 
there  was  no  ATC  automation  or  data  link  to  make  it  useful.)  While  satellites  are  very 
important,  and  are  certainly  glamorous,  the  major  benefit  to  users  will  come  from  the 
marriage  of  satellite  navigation  with  ATC  automation  and  integrated  flow  management, 
a  real-time  digital  communications  system  and  the  exploitation  of  the  airport  capacity 
technologies  which  the  industry  has  long  pressed. 

gnss\obershea.mg 
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Airports  Council  Intbrhational 


NEWS  RELEASE 


■7he  Voice  ol  Airports" 


ACI-NA  ADOPTS  NEW  POUCY  ON  ICAO  FANS,  GNSS,  and  ILS/MLS 

Recognizing  that  system  integration  and  better  information  Haw  are  the  Iteys  to  a 
modem  aviation  technical  infrastnjcture,  the  Board  of  fDirectors  of  the  Airports  Council 
International-North  America  has  estattlistted  a  far-reacNng,  integrated  policy  on  n&¥ 
ATC  technology.  The  newly-adopted  ACI-NA  policy  reco^iizes  ttte  potent  capattilities 
of  satellite  navigation  and  digital  commurv'cations,  but  supports  the  continuation  of 
dev^opment  of  a  simple  version  of  a  Category  2/3  -  capat)le  Wctuwai/e  Landing 
System.  Bements  of  ttie  nevv  ACI-NA  policy  irtclude: 


GNSS  -  The  Global  Navigation  Satellite  System  is  expected  to  be  the  primary 
navigation  system  enroute  and  especially  in  terminal  areas,  along  with  the  Microwave 
Landing  System  (MLS)  for  Category  2  and  3  final  approach  and  landing  guidance. 
GNSS-based  airport  surface  traffic  management  vnould  signiTicantly  improve  airport 
operations,  and  is  the  approach  of  choice  for  airport  surface  operations. 

ILS/MLS  -  ACI-NA  supports  and  urges  the  early  completion  of  a  simpler-than-currently- 
specified,  but  Category  2/3-capable  Microwave  Lading  System. 

GNSS  vs.  Terrestrial  Radar  Sensors  -  Development  of  Automatic  Dependent 
Surveillance  (ADS)  techniques  for  terminal  areas,  using  GNSS,  especially  terminal 
areas  where  VHF  communications  is  difficult  and  in  those  where  radar  can  not  be 
justified,  is  supported  for  the  future. 

The  Limits  of  Automation  and  Electronic  System  Sen/ices  on  the 
Airport  Surface  -Airports  expect  to  provide  visual  services  for 
taxiing,  and  do  not  anticipate  aircraft  operating  on  the  airport 
surface  at  less  than  300'  RVR  dependent  on  electronic  support 

tao  1*1  sTDfrr « w  services. 
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Operational  Opportunities  -  Early  implementation  of  the  ICAO  Required  Navigation 
Performance  concept  is  recommended,  so  as  to  permit  evolution  from  the  rigid 
approach  and  landing  categories  and  obstacle  clearance  criteria,  to  performance- 
capability-reiated  minimums  of  the  aircraft  themselves  and  their  crews. 

fjvstem  Integration /Digital  Communications  Standards  -  Development  of  termini  and 
on-airport  automation  systems  should  proceed,  fully  integrated  and  harmonized  with 
more  capable  air  traffic  managemerrt  and  flow  management  techniques.  World 
standard,  broadly-applicable  digitaJ  (data  link)  communication,  fully  applicable  to 
satellite  and  terrestrial  communications,  is  crucial. 

ACI-NA  noted  that  it  is  likely  that  the  GNSS  accuracy  needed  for  Category  2/3 
operations  is  achievable...However,  the  very  high  availability  and  Integrity 
requlred...may  require  extensive  and  expensive  precautions  and  redundancy, 
especially  In  the  aircraft  Even  if  It  makes  sense  to  try  to  measure  a  few  feet  (aix>ve  the 
runway  concrete)  by  measuring  range  to  a  half-dozen  satellites  11,000  miles  avi^y,  the 
Integrity  requirements  may  not  be  practical  or  cost-effective  In  some  types  of  aircraft, 
thus  continuing  to  justify  pursuit  of  a  simple  ground-based  landing  system. 

With  respect  to  MLS  Itself,  ACl-NA  believes  perhaps  the  most  serious  current  problem 
Is  that  the  technology,  and  FAA's  and  the  industry's  perception  of  the  need  for  MLS 
have  changed  drastically  since  the  [most  recent]  MLS  procurement  request  was 
prepared.  The  appearance  of  GA/SS  satellite  navigation  with  truly  astounding  capability 
will  supplant  some  of  the  features  that,  in  the  1960's  and  70's,  MLS  was  Intended  to 
provide...Buylng  MLS  now  with  capabilities  no  longer  needed  Is  not  prudent  It  is 
necessary  to  seek  a  way  to  buy  the  right  product  without  starting  over  again. 


The  Airports  CouncB  Maamlkinel-North  America  (ACt-NA)  Is  the  Voice  of  Alipons' represertUng  local, 
regional  and  state  governing  bod/as  that  own  and  operate  commercial  airports  In  the  United  States, 
Canada  artd  Bennuda;  ACI-NA  Member  airports  enplane  more  than  90  percent  of  the  domestic  artd 
virtually  all  the  International  airline  passenger  and  cargo  traffic  In  North  America.  ACI-NA  also 
encompasses  Associates  representing  a  wide  variety  of  businesses  that  provide  products  and  services 
to  the  air  transportation  industry. 


### 


Contact  Victoria  E.  Pannell 

Director,  Put)lic  Affabs 
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Aa-NA  Policy  on  ICAO  FANS,  GNSS,  ILS/MLS  Applications 

Newly-available  communications  and  data  processing  technologies,  and  the  widely  hailed 
ICAO  FANS  concept,  represent  a  fine  arsenal  of  enabling  technology  which,  when 
implemented  intelligently  by  many  states  and  administrations,  can  make  possible  major, 
even  revolutionary,  aviation  system  improvements. 

System  integration  and  better  information  flow  are  the  keys  to  a  modem  aviation 
technical  infrastructure.  The  Airports  Council  International-North  America  therefore 
establishes  the  following  integrated  policy: 

GNSS  -  The  Global  Navigation  Satellite  System  is  expected  to  be  the  primary  navigation 
system  enroute  and  especially  in  terminal  areas,  along  with  the  Microwave  Landing 
System  (MLS)  for  Categoiy  2  and  3  final  approach  and  landing  guidance. 

GNSS  alone  is  expected  to  serve  all  navigation  needs  for  many  aviation  system  users. 
DifTerentiaUy-augmented  GNSS  is  likely  to  support  operations  to  at  least  Category  1  - 
equivalent  i 


ILS/MLS  -  ACI-NA  supports  and  urges  the  early  completion  of  a  simpler-than- 
currently-specified,  but  Categoiy  2/3-capable  MLS.  MLS  may  now  be  designed  to 
provide  its  service  in  a  ±12  degree  azimuth  fit>nt  coverage  sector,  and  will  no  longer 
require  Precision  DME. 

While  ILS  is  likely  to  have  very  limited  remaining  life,  airports  consider  that  it  is  too  soon  to 
abandon  further  ILS  procurement  Plans  for  procurement  of  a  limited  number  of  ILS 
groimd  facilities  should  proceed  until  the  full  GNSS  service  is  available,  the  GNSS  capability 
of  providing  precision  approach  and  lanHing  guidance  fully  proven,  and  the  implementation 
of  GNSS  airborne  equipment  weU  along  to  universal  equipage. 

GNSS  for  Airport  Surface  Operations  -  GNSS-based  airport  surface  trafflc  management 
would  significantly  improve  airport  operations,  and  is  the  approach  of  choice  for  airport 
surface  operations. 

Airport  surface  surveillance,  navigation,  guidance  and  control  systemis  can  be  implemented 
b  steps. 

GNSS  position  determination  accuracy  could  increase  runway  capacity  in  bad  weather  at 
airports  that  have  conver^ng  or  parallel  runways  where  spacing  does  not  permit  parallel 
approaches  with  current  navigation  aids. 

GNSS  could  provide  precise  navigation  guidance  for  drivers  of  snow-removal  equipment  to 
accurately  locate  the  boundaries  of  taxiways  and  runways.  It  is  also  expected  to  provide 
valuable  navigation  and  location  services  to  drivers  of  emergency  vehicles  and  probably 
others. 

Differentia]  GNSS/Automatic  Dependent  Surveillance  may  be  capable  of  providing  the  daU 
source  for  separation  assurance  functions  now  provided  by  precision  runway  monitor  (PRM) 
systems. 
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GNSS  Y%.  Terrestrial  Radar  Sensors  •  Development  of  Antomatic  Dependent  Soireillance 
(ADS)  techniques  for  terminal  areas,  using  GNSS,  especially  terminal  areas  when  VHF 
communications  is  difDcnlt  and  in  those  where  radar  can  not  be  Justified,  is  supported 
for  the  ftature. 

The  need  for  terminal  area  weather  information,  winds  alofi  on  tlie  approach  paths  and  in  their 
vicinity,  microburst  detection,  wake  vortex  detection,  and  possibty  precision  nmway  monitoring  and 
backup  airport  surface  detection  radar  will  continue  to  require  terrestriaDy-based  mdependent  sensor 
capability.  ACI-NA  recommends  that  administrations  aggressively  pursue  rapid  prototype 
development,  and  include  early  emphasis  on  life  cycle  costing  and  issues  of  equipment  complexity  vs. 
capability,  in  order  to  ^*'«''''«''  cost  feasibility. 

The  Limits  of  Antomation  and  Electronic  System  Services  on  the  Airport  Surface  • 
Airports  expect  to  provide  visual  services  for  taTiing,  and  do  not  anticipate  aircraft 
operating  on  the  airport  surface  at  less  than  300*  RVR,  dependent  on  electronic  support 
services. 

While  ATC  surveillance  capability  and  general  position  orientation  (sndi  as  may  be 
provided  by  rnhiinrrd  GNSS  or  synthetic  vision)  would  be  desirable  to  near-zero-visibility 
conditions,  ACI-NA  believes  that  there  is  no  need  to  provide  for  fully  »iitninarif  or 
electronically  supported  operations  in  less  than  300'  RVR  mnHirioni; 

Operational  Opportunities  •  Eariy  implementation  of  the  ICAO  Required  Navigation 
Performance  concept  is  recommended,  so  as  to  permit  evolution  fipom  the  rigid  approach 
and  landing  categories  and  obstacle  clearance  criteria,  to  perfomiance-capabiIity>related 
minimums  of  the  aircraft  themselves  and  their  crews. 

The  evolving  capabilities  of  GNSS  and  fnitimiinirarinni  are  '"   ly  to  permit  dianging  the 
way  that  operating  minima  are  ^ttahUch^H  De^gnations  such  as  Instrument  i  jmHinp  System 
(JUS)  Performance  Category  I,  II  or  ID  may  no  longer  be  applicaUe,  and  mintm*  nmy  be 
more  appropriately  «t«Mi«h^/t  based  on  required  performance  of  on-board  navigation 
equipment 

Svstem  Integration/Digital  Communications  Standards  ■  Developmoit  of  terminal  and 
on-airport  automation  systems  should  proceed,  (tally  integrated  and  harmonized  with 
more  capable  air  traffic  management  and  flow  management  tediniques.  Worid  standard, 
broadly-applicable  distal  (data  linli)  commimication,  fully  applicable  to  satellite  and 
terrestrial  communications,  is  crudaL 

The  new  capabilities  offered  by  GNSS  and  ADS  increasingly  intertwine  position- 
fixing/navigation  with  the  communications  process  and  mandate  special  <^ttr"t'n"  to  the 
integrity  needed  to  maintain  and  enhance  the  safety  of  the  whole  system.  The  airport 
surface  is  likely  to  impose  the  most  serious  digital  communications  requirements. 

Because  a  series  of  digital  communications  needs  wiQ  have  to  be  laticfi^H  for  differential 
GNSS,  for  airport  lighting  and  tignalling  controls,  for  ADS  mmmimirarirm^  etc,  a  major 
effort  is  required  to  assure  that  the  communications  needs  are  dealt  with  on  a  system  basis, 
and  that  a  harmonized  mmmnniratinnc  system  structure  and  standards  are  developed  in  a 
timely  manner.  Airports  urge  government  to  concentrate  early  to  develop  necessary 
standards/agreements  on  digital  communications  standards  for  differential  GNSS 
transmissions  and  airport  Hgtirtngyrignalling  controls. 
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Elements  of  the  ICAO  Future  Air  Navigation  System  (FANS)  concept  are  of  importance 
to  airports  and  warrant  early  implementatioiL  They  are  the  following: 

L  Improved  navigation,  GNSS 

2.  Application  of  technologies  to  achieve  optimom  airport  eapadty. 

3.  Early  implementation  of  the  Required  Navigation  Performance  concept  (RNP)  to  permit 
navigation  requirements  to  be  stated  in  terms  of  required  performance  rather  than  specific 
hardware  systems. 

4.  Terminal  and  on-airport  automation  systems,  fully  integrated  and  harmonized  with  more 
capable  air  traffic  management  and  flow  managr.mcnt  techniques. 

5.  Digital  (data  link)  communication,  fully  applicable  to  satellite  and  terrestrial 
communications. 

6.  Airport  surface  surveillance,  navigation,  guidance  and  control  systems  developed  in  such  a 
way  that  new  required  equipment  in  aircraft  can  be  avoided. 


Adopted 
June  4,  1993 
Savannah,  GA 
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Background  and  Poligr  Rationale 

In  the  formation  of  the  ICAO  Future  Air  Navigation  Systems  Committee  (FANS),  a 
body  formed  some  years  ago  in  the  wake  of  failure  of  a  multi-nation  Aerosat  North 
Atlantic  satellite  effort,  a  number  of  states,  including  the  U^^  realized  that  technology 
was  marching  rapidly  and  it  was  necessary  for  states  and  the  International  Civil  Aviation 
Organization  (ICAO)  to  be  masters  of  the  tedmologies,  rather  than  followers. 

Early  in  its  work,  FANS  made  the  crudal  and  politically  difGcult  decision  to  be  candid 
about  the  present  state  of  the  aviation  technical  support  system.  They  said,  and  it  is  still 
true  today: 

In  large  parts  of  the  world,  the  plans  for  conunnnifatifi,  navigation,  and  snrveiDance  systems  have 

proven  to  be  very  Hiffinih  to  implnnmt  and  operate  in  a  mnsitffjit  manner The  fact  that  services 

are  less  than  adequate  in  many  parts  of  the  worid  results  not  only  from  lack  of  fm^nm,^  but  in 
many  instanrrs  also  from  ladc  of  trained  ff^-tntifl  personnel * 

There  appears  to  be  little  Ekdihood  that  the  present  air  navigation  situation  will  improve  within  the 
near  future  unless  new  approaches  are  adopted.* 

The  new  future  system  concept  may  be  able  to  overcome  a  number  of  these  problems  if 
state  administrations  move  out  with  energy  to  use  the  ideas  and  technologies  becoming 
available.  The  new  concept  requires  a  high  level  of  international  cooperation  to  succeed. 
Because  efGcient  air  traffic  management  demands  transparent  boimdaries,  political 
problems  and  xenophobia  must  be  faced  and  overcome. 

ICAO  can  take  pride  in  the  fact  that  the  FANS  concept  can  serve  both  very  high  traffic 
areas  and  sparsely  populated  low  activity  traffic  areas  as  welL  The  concept  permits 
improvements  in  airport  and  terminal  area  technology  to  meet  the  needs  of  very  busy 
and  more  lightly  used  airports  without  putting  either  class  at  disadvantage. 

The  FANS  Concept 

The  elements  of  what  has  come  to  be  called  the  FANS  concept,  accepted  by  the  world 
through  ICAO,  are: 

1.  Satellite  technology  is  the  only  viable  way  to  overcome  the  shoftcomings  of  the  present  system  and 
fulfill  the  requirements  of  the  future.  To  that  end  FANS  developed  a  satellite  communications 
system  strucTure  and  architecture  which  can  be  expected  to  find  wide  application  in  providing  data 
link  and  voice  services,  probably  first  over  oceans  and  undeveloped  land  areas,  for  ATC  and  other 
safety  communications,  as  well  as  some  non-safety  oommnnicatians.  The  agreed  architecture  will 
permit  several  suppliers  of  satellite  services  to  provide  compatible  and  competitive  services. 

2.  For  navigation,  a  Global  Navig«tif>n  -Satellite  Svstem  (GNSS),  (made  iq>  initially  of  elements  of  the 
U.S.  GPS  and  the  Russian  [OS]  GLONASS,  but  architecturally  open  to  other  sateUite  elements) 
which  can  provide  highly  accurate  navigation  service  to  anyi^iere  on  the  face  of  the  globe  from  the 
surface  to  very  high  altitiidri,  accurate  enough  to  provide  the  data  for  non-precision  approaches,  and 
probably  at  least  Category  1  equivalent  to  any  runway  end  anywhere,  without  need  for  ground 
equipment   GNSS  and  the  Microwave  i  -mMJing  System  will  be  the  only  navigation  systems  required 


224 


m  the  future  system,  retiring  the  many  systems  cunently  m  use  and  complicating  aircraft 

tfictallMrinnc 

3.  A  service  called  Automatic  Dependent  Surveinaiice  (ADS)  by  which  aircraft  navigation  poation  is 
automatically  transmined  via  satellites  or  other  means  to  ground  ATC  facilities  to  create  a 
surveillance  capability  something  like  radar  (pseudo-radar).  This  capability  will  have  major  impact 
avei  oceans  and  land  areas  v^iere  radar  can  not  be  provided,  and  could  nvke  oceans  very  mach  like 
domestic  airspace.  It  will  provide  a  radar-like  service  in  many  enroute  and  terminal  areas  of  the 
world  where  radar  can't  be  justified,  without  the  need  for  complex  ground  equipment. 

4.  A  concept  called  Required  Navigation  Performance  canabilitv  (RNP)  by  which  there  is  no  longer  a 
need  for  Administrations  (or  ICAO)  to  specify  the  use  of  particular  navigation  devices,  but  to  simply 
call  for  given,  clearly  spelled  levels  of  performance  capability  m  different  airspace  areas. 

5.  FANS  recognized  the  importam  airport  capadtv  problem,  and  that  tCClinftlftfiffii  to  permit  multiple 
arrival/departure  streams,  safe  reduction  of  separation  standards  laterally  and  longitudinally, 
reduction  of  the  impact  of  wake  vortices,  independent  IMC  operations  to  multiple  runway 
configurations,  were  under  development  and  being  implemented  m  a  number  of  states  . 

6.  The  need  for  development  of  terminal  and  on-airport  automation  systems,  fuOy  integrated  and 
harmonized  with  more  capable  air  traffic  management  and  flow  management  techniques  was 
recognized.  World  standard,  broadly  applicable  digital  (data  Unk)  rrnnmiinimtirm  fully  ^ipUcable  to 
satellite  and  terrestrial  <Titnin^inir^>mn<  was  y^rn  as  an  f^^ctifiyl  ingredienL 

7.  Recognized  to  be  of  great  importance,  and  emphasized  espedaOy  in  the  FANS  Phase  II  follow-on 
work,  is  a  fiilly  harmrmiTr^j  fiijj  Traffic  Management  system  which  uses  automation  aids  and  services 
to  help  create  seamless  airspace  boundaries  and  permits  user-preferred  routes  in  which  the  ATM 
system  and  the  aircraft,  by  appropriate  exchange  of  digital  information,  can  take  advantage  of  the 
capabilities  of  aircraft  flight  management  systems. 

That's  really  all.  FANS  recognized  that  one  of  the  major  keys  to  success  was,  and  is, 
agreement  on  a  imified  digital  commimications  system  (data  link)  to  provide  the  easy 
efficient  information  flow  which  is  the  key  to  ATC  improvement  It  did  not  solve  that 
problem,  but  recommended  an  ICAO  Panel,  now  slowly  at  work,  to  deal  with  it  In  the 
U.S.  FAA  has  turned  to  RTCA  to  help. 

FANS  recognized  that  the  glue  to  hold  the  new  technologies  together  and  to  create  a 
better  system  is  vastly  improved  computer  and  data  processing  capability  to  help  achieve 
meaningful,  acceptable  automation  aids,  but  it  left  the  task  to  the  states,  urging  states  to 
work  in  harmony. 

In  the  time  since  the  FANS  concepts  were  formulated  and  then  ratified  by  the  ICAO 
world  body,  R&D  and  experiments/demonstrations  have  made  a  nimiber  of  things  dean 

Widely  Accepted  Capabilities  of  GNSS 

The  following  are  excerpts  from  the  widely-accepted  September  1992  RTCA  GNSS  Task 
Force  Report: 

I.  The  GNSS-based  system  should  provide,  as  a  minimum,  en  route,  oceanic,  terminal  and  non- 
precision  approach  navigation  service  with  an  accuracy  of  100  meters. 
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Operatioiis  using  GNSS  alone  for  en  route,  rennimil  and  *nan  precisioa*  approacb  navigation  are 
expected  to  serve  the  great  percentage  of  general  aviation  needs  and  many  of  the  needs  of  all 
aviation  users.  GNSS  will  provide  for  lower  operating  minima  on  noD-predsian  approaches  at 
airports  that  currently  have  Emited  navigation  gnidanrr-Augmcjitation  of  the  system,  both  on  and  off 
the  aircraft,  will  provide  additional  capabilities  to  users  requiring  them.  (See  more  below) 

2.  GNSS-based  Automatic  Dependent  Snrveillanoe  (GNSS/ADS)  should  became  an  important 
source  of  surveillance  infonnatiaa,  initially  in  the  less-dense  traffic  locations  wbac  secondary 
surveillance  data  is  difRnilt  to  justify. 

For  airport  surface  trafBc  management  (airtraft  and  airport  vehicles),  augmented  GNSS  is  expected 
to  become  the  primary  surveillaoce  and  contrd  data  source,  backed  up  by  radar  where  appropriate, 
with  a  variety  of  different  api^catioo  levels  depending  on  airport  layout  and  traffic  density.  These 
surveillance  applications  will  require  high-integrity  two-way  data  (data  link)  communications. 

3.  As  a  consequence  of  high  accuracy  GNSS  positioo  fixing  and  navigation  service,  a  new  approach 
to  the  definition  of  obstacle  clearance  standards  is  poss3)le.  Similarly,  the  intmdratinn  of  GNSS 
opens  the  way  for  a  better  r«trgfy^^*^"^**  of  i^twlmg  mtimna 

4.  The  introduction  of  highly  accnrate  GNSS/ADS  should  permit  a  mjgor  reduction  in  minimum 
aircraft  separation  standards  for  operatioa  in  oceanic  airspace  and  any  air^iace  currently  without 
high  quality  surveillance  service.  GhSS/ADS  should  provide  surveillance  of  nearby  aircraft  (in  the 
airspace)  and  vehicles  (on  the  snrfane)  as  input  to  certain  tactical  traffic  diq>lays  for  separation 
functions. 

5.  Differential  GNSS/ADS  may  be  aqabfe  of  proviifing  the  data  source  for  separation  assurance 
functions  now  provided  by  prccisioa  luuway  mooitonng.  The  time  standard  used  in  the  separation  of 
aircraft  at  a  common  point  (fonr-<fimensioaal  navigation)  shoold  be  calculated  based  on  GNSS  time. 

Other  Possible /Prohahle  CapabiUties  of  ONS-S  anH  Oata  T  ink 

FAA  has  reported  that,  based  on  tests/demonstratioiis,  augmented  GNSS  (with  data 
linked  differential  GPS  transmissions  from  simple  nearby  ground  stations)  will  support 
Category  1  approach  and  landing  operations.  The  report  of  a  recently  completed  series 
of  flight  tests  conducted  by  FAA  with  Honeywell,  MITRE  Corporation,  Northwest 

Airlines  and  ATA  states: 

'Satellite-based  navlgatioQ  offers  the  pntmHal  to  provide  aU  basic  Instnnnent  Flight  Rules  (IFR) 
capabilities,  including  ominir,  cb  roote,  terminal  area,  non-predsioa  approach  and  Category  I 
predsioo  approach  capal>llities  with  a  common  navigBtioa  system.  Satellite-based  navigation  may 
also  provide  these  capabilities  at  many  locations  in  the  world  where  conventional  navaids  are  not 
currently  provided  nor  economically  feasible—This  could  lead  to  eventual  phaseout  of  ^yi^tg 
National  Airspace  System  ground  equipment  while  maintaining  or  improving  ^itctiiig  levels  of 
service.' 

GNSS  Capability  for  Cateporv  2/3  Operations  ? 

There  is  a  body  of  opinion  that  data  quality  may  be  achievable  to  permit  Category  2  and 
possibly  Category  3  autoland  operations.  If  that  becomes  fiact,  it  becomes  appropriate  to 
question  the  future  need  for  gronnd-based  landing  systems  such  as  ILS  or  MLS. 

The  newly-adopted  AQ-NA  poli^  on  MLS  recognizes  that  potentially  veiy  potent 

6 


226 


capabilities  of  satellite  navigation  and  digital  communications,  but  continues  to  support 
the  early  development  of  Category  2/3-capable,  but  now  simpler  MLS  than  earlier 
considered. 

It  is  likely  that  the  GNSS  accuracy  needed  for  Category  2/3  operations  is  achievable, 
especially  in  the  horizontal  plane.  However,  the  very  high  availability  and  integrity 
required  (e.g.  veiy  low  faOure  rate  and  failure  warning  within  .5  to  1  second  after  a 
failure)  may  require  extensive  and  expensive  precautions  and  redundancy,  especially  in 
the  aircraft  Even  if  it  makes  sense  to  try  to  measure  a  few  feet  (above  the  runway 
concrete)  by  measuring  range  to  a  half-dozen  satellites  11,000  miles  away,  the  integrity 
requirements  may  not  be  practical  or  cost-effective  in  some  types  of  aircraft,  thus 
continuing  to  justify  pursuit  of  a  simple  ground-based  landing  system. 

Early  major  modification  will  be  needed  for  all  ILS  receivers  in  any  case  because  of 
interference  from  the  about-to-be-allowed  higher-powered  FM  broadcast  stations.  The 
modifications  which  would  be  required  for  all  DLS  receivers  (still  based  on  a  technology 
devised  before  World  War  11)  are  probably  nd  economically  sensible  in  the  light  of  the 
far  more  capable,  and  now  simpler  MLS. 

Because  the  FM  broadcast  interference  problem  affects  primarily  the  localizer  portion  of 
ILS,  there  have  been  suggestions  that,  instead  of  moving  to  MLS,  GNSS  lateral 
information  might  become  adequate  for  Category  2/3  operations  and  that  the  ILS  glide 
slope  might  be  retained  to  help  out  the  weaker  vertical  GNSS  signals.  While  this  is  a 
possibility,  the  1930's  ILS  gUde  slope  depends  on  the  frequently  uneven  terrain  in  front 
of  the  antenna  to  create  its  signal,  is  frequently  limited  in  coverage,  and  is  fundamentally 
less  robust  than  the  MLS  which  should  provide  guidance  routinely  to  a  few  feet  above 
the  runway. 

ACI-NA  in  July,  1992  commented  to  FAA  on  the  continuing  problems  of  MLS 
procurement,  as  follows: 

'Perhaps  the  most  serious  current  problem  is  that  the  technology,  and  FAA's  and  the  mdustr/s 
perception  of  the  need  for  MLS  have  changed  drastically  since  the  MLS  procurement  request  was 
prepared.  The  appearance  of  GNSS  satellite  navigation  with  truly  astounding  capability  will  supplant 
some  of  the  features  for  wUch,  in  the  1960's  and  Iffi,  MLS  was  intended  to  provide.  A  recent  dight 
test  report  published  by  FAA  shows  that  FAA  expects  GNSS  to  supplant  special  lanHjng  aids  at  least 
for  Category  1  operations.  GNSS  will  provide  high  quality  broad-sector  coverage  for  flexible 
approaches,  missed  approach  guidance  and  other  capabilities,  which  are  no  longer  needed  bom 
MLS. 

Buying  MLS  now  with  capabilities  no  longer  needed  is  not  prudent  It  is  necessary  to  seek  a  way  to 
buy  the  right  product  without  starting  over  again. 

We  recommend  that  FAA  e.stahli.sh  the  valid  requirements  for  the  now  far-simpler  MLS  required  to 
meet  the  final  approach  and  landing  guidance  requirements  as  they  are  understood  to  be  as  of 
perhaps  1996,  when  GNSS  will  be  far  along  into  implementation  and  use.  Adapting  the  specification 
to  current  needs  (reduced-width  front  sector,  elimination  of  back  course  coverage  and  elimination  of 
Precision  DME)  is  crucial  if  the  government  is  to  get  its  mone/s  worth. 
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Rather  than  calling  for  rrwnpB^iw^  inth  <iamis  of  pamids  of  tpedSatiaas,  [we  leoommeiid  that 
FAA]  negotiate  with  the  contracton  tod  cstabGsh  perfGroiaiicc  rcqinrcnieiits  fne^An^o  tcdinica] 
signal  performance,  guaranteed  MTBF  and  MTBR  and  other  spedficatiaas  which  demonstrably 
contribute  to  meeting  FAA's  needs.  The  MLS  development  task  win  inevitably  be  stifled  by  a  too- 
rigid  process  in  which  every  detail  is  ipm'ficd 

Automatic  Dependent  Surveillance  (ADS)  with  GNSS  and  Data  Link  -  Rq?lacement  for 
Ground-based  Surveillance? 

There  is  a  body  of  opinion  that  postulates  that  GNSS  with  digital  comiminications  to 
create  Automatic  Dependent  Surveillance  (ADS)  will  eventually  replace  ground  primaiy 
radar  and  perhaps  secondaiy  surveillance  radar  as  welL  If  that  were  to  occur,  the  need 
for  ground-based  ATC  sorveillance  systons  would  disappear. 

With  respect  to  the  future  need  for  primary  radar,  it  may  be  possible  to  phase  out 
primary  radar  for  enronte  operations,  in  favor  of  Secondary  Surveillance  Radar,  and/or 
GNSS-driven  Automatic  Dependent  Surveillance  (ADS).  The  transition  to  GNSS  ADS,  if 
it  becomes  appropriate,  will  depend  on  the  proof  of  integrity  of  GNSS  ADS  and  the 
level  of  carriage  of  GNSS  and  digital  communications  capability  of  aircraft  using  the 
enroute  system.  The  situation  in  terminal  operations  is  different  from  enroute.  Multi- 
function  phased  array  sensors  are  likely  to  be  attractive  for  FAA  services  in  the  future. 
This  technology  offers  high  promise  of  providing  a  number  of  critical  FAA  services  - 
meteorological  (winds  aloft,  microbursts,  weather  detection,  etc)  wake  vortex  detection 
and  monitoring  in  real  time,  and  backup  surveillance,  even  vibea  GNSS  ADS  is  available 
-  within  a  single,  integrated  and  potentially  affordable  sensor. 

The  close  proximity  of  aircraft  to  eadi  other  may  indicate  the  contiimed  use  of 
surveillance  radar  -  albeit  secondary  surveillance  radar  if  imiversal,  operating 
transponder  carriage  can  be  assumed  and  ai^  residual  TCA  intruder  issues  resolved  -  for 
a  longer  period  than  in  the  enroute  case. 

Consideration  of  the  future  of  ATC  surveillance  radar  in  the  terminal  area  (for  example 
vis  a  vis  GNSS  ADS)  is  a  different  matter  because  of  1)  the  inherently  dependent 
charaaer  of  ADS  and  2)  other  needs  for  terminal  area  surveillance  data.  The  need  for 
terminal  area  weather,  winds  aloft  on  the  approach  paths  and  in  their  vicinity,  microburst 
detection,  wake  vortex  detection,  and  possi'bly  precision  runway  monitoring  will  continue 
to  require  terrestrially  based  independent  sensor  capability,  regardless  of  the  promise  of 
GNSS  ADS.  If  these  needed  capabilities  can  be  provided  from  a  single  system  which  also 
can  provide  residual  ATC  surveillance,  economies  may  be  achievable,  arid  the  difGcult 
system  integration  and  transition  task  for  terminal  area  functions  can  be  simplified. 

The  recent  development  of  highly  capable  multi-function  sensor  technology,  made 
possible  in  large  part  by  reduced-cost  phased-array  elements,  im^  perform  the  above 
functions  e£5ciently,  and  is  likely  to  provide  primary  and  secondary  radar  surveHlanoe  at 
little  marginal  cost 

The  technology  to  create  such  nmlti-function  sensor  equipment  a^jpears  £ar  along  and 
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deserves  support  FAA  should  aggressively  pursue  rapid  prototype  development 
(including  sensor  fusion,  field  testing,  and  demonstration)  of  multi-function  radars  for  the 
task  above.  This  development  should  include  early  emphasis  on  life  cycle  costing  in  order 
to  establish  cost  feasibiUty,  and  should  address  issues  of  equipment  complexity  vs. 
capability. 

impropriate  emphasis  must  be  placed  on  redimdancy  and  reliability,  reflecting  both  the 
functional  criticality  and  the  inherent  reliability/integrity  characteristics  of  the 
technology. 

Standards  and  Uniformity  for  Digital  Communications  and  Data  Links 

It  has  been  understood  for  many  years  by  observers  of  the  ATC  system  that 
rapid,  efficient  and  inexpensive  information  flow  is  crucial  to  improvements  in  the 
airspace/airport/ ATC  system.  Automated  digital  communications  -  data  link  -  is  the  key, 
but  lack  of  agreement  on  standards  or  even  uniformity  of  such  systems  has  prevented 
their  implementation  in  the  ATC  system,  and  thus  also  real  ATC  automation,  for  many 
years. 

The  matter  becomes  especially  important  to  airports  for  three  reasons:  Lighting  control 
systems  are  increasingly  being  driven  by  software  for  which  signalling  standards  are 
needed,  not  only  because  imiformity  would  save  money  for  airports,  but  because  in  the 
future  there  must  be  a  tighter  connection  between  lighting  controlled  by  the  airport  and 
signalling  controls  which  may  be  operated  by  FAA  Second,  GNSS  with  Automatic 
Dependent  Surveillance  used  on  the  airport  surface  requires  agreement  on  a  signalling 
standard,  preferably  one  the  same  as  or  similar  to  that  being  used  in  the  airspace.  Third, 
the  use  of  differential  GNSS  requires  a  high-integrity,  but  simple  and  inexpensive  data 
link  to  aircraft  using  GNSS  for  approach  and  landing,  to  aircraft  and  vehicles  requiring 
high  accuracy  position  on  the  airport  surface. 

Add  to  this  mixture  the  data  link  systems  needed  to  serve  satellite  communications,  the 
ATC  Beacon  UHF  Mode  S  data  link  system,  the  airlines'  ARINC  VHF  ACARS  or  its 
AvPak  enhancement,  and  a  Swedish  VHP  time-division  multiple-access  system  being 
evaluated  at  O'Hare,  and  the  need  for  a  concentrated  effort  to  find  some  level  of 
agreement  and  standardization  becomes  obvious. 

Like  virtually  all  users,  AQ-NA  has  urged  FAA  to  move  rapidly  to  establish  needed 
standards,  especially  for  the  GNSS  differential  transmissions.  RTCA,  at  FAA's  request, 
has  formed  a  special  Task  Force  (Task  Force  2),  similar  to  the  one  RTCA  just 
completed  successfully  on  GNSS,  to  help  sort  out  this  tough  problem  and  try  to  reach 
agreements.  ACI-NA  and  airports  are  involved  to  assure  airport  interests  are  considered. 
The  AQ-NA  Technical  Committee  has  asked  RTCA  to  look  at  the  Ughting  control 
system  needs  to  recommend  the  level  of  compatibility/uniformity  needed  for  such 
systems  with  other,  ATC  data  link  control  systems. 

faiis\brdpolic693  6/10/93  , 
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STATEMENT  OF  MARTIN  (Marty)  POZESKY,  FAA  ASSOCIATE 
ADMINISTRATOR,  SYSTEM  ENGINEERING  AND  DEVELOPMENT,  BEFORE  THE 
COMMITTEE  ON  PUBLIC  WORKS  AND  TRANSPORTATION,  SUBCOMMITTEE  ON 
AVIATION,  JULY  28,  1993 

Mr.  Chairman  and  Members  of  the  Committee  —  Thank  you  for  this 

opportunity  to  appear  before  you  to  discuss  what  is  clearly  the 

most  significant  air  navigation  program  the  FAA  has  undertaken 

in  recent  times.   I  am  joined  here  today  by  my  colleague,  Mr. 

Anthony  Broderick,  the  FAA  Associate  Administrator  for 

Regulation  and  Certification,  who  is  well  known  to  you. 

The  satellite  technology  used  in  the  Global  Positioning  System 
has  incredibly  far  reaching  potential  for  the  future  of 
aviation.   Two  years  ago,  a  satellite-based  navigation  system 
for  civil  aviation  was  still  only  hope.   Today,  we  are  well  on 
our  way  to  having  a  single  navigation  system  that  can  handle  all 
phases  of  flight  all  over  the  world  with  unprecedented 
accuracy.   GPS,  combined  with  advanced  telecommunications  and 
higher  levels  of  automation,  offers  unlimited  opportunities  for 
improvement  in  aviation  safety,  capacity,  and  efficiency. 

Major-  operational  benefits  are  expected  to  accrue  from  use  of 
this  combination  of  GPS,  automation,  and  data  link.   These 
include  fuel  savings,   reduced  flight  time,  reduced  avionics 
requirements,  more  efficient  flight  paths,  and  reduced  delays 
— all  made  possible  by  procedures  that  flow  from  more  accurate 
area  navigation  information  and  improved  surveillance.   Thesje 
benefits  will  be  realized  first  in  the  oceanic  airspace  where 
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this  technology  will  be  used  to  provide  optimized  flight  paths 
to  greater  numbers  of  aircraft.   Using  a  combination  of  GPS 
position  information  relayed  back  to  the  ground  through  a 
commercial   satellite  communication  link  (such  as  currently 
provided  by  the  INMARSAT  system)  this  technology  combination 
will  provide  a  pseudo-radar  surveillance  capability  over  the 
ocean  where  no  such  capability  exists  today.  Thus,  more  aircraft 
can  safely  make  use  of  the  "best-wind"  tracks  across  the  ocean 
saving  significant  fuel  and  operating  cost. 

General  Aviation  may  even  enjoy  greater  benefits  from  this 
capability.   Consider  the  approach  and  landing  capability 
alone.   The  real  possibility  exists  to  provide  both  precision 
and  non-precision  approach  capability  to  virtually  every  airport 
in  the  country  as  well  as  the  world  through  this  combination  of 
systems.   Both  general  aviation  and  the  major  commercial 
carriers  will  enjoy  far  greater  operational  flexibility  by 
having  available  (at  minimal  cost)  a  huge  number  of  additional 
instrument  approaches  without  the  need  for  very  expensive  ground 
investments. 

The  FAA  is  a  strong  advocate  of  GPS,  as  we  hope  the  Committee 
will  be  at  the  conclusion  of  this  hearing.   What  is  also  very 
exciting  is  the  fact  that  the  FAA  has  played  a  leadership  role 
in  the  application  of  this  exciting  new  technology  to  aviation. 
Working  cooperatively  with  the  Department  of  Defense  and  with 
system  users,  we  have  progressed  on  the  technological. 
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operational  and  institutional  fronts  simultaneously.   I  believe 
that  by  any  reasonable  measure  of  achievement,  we  have 
progressed  at  "lightning  speed"  thus  far. 

While  our  enthusiasm  will  be  clearly  evident  in  the  course  of 
these  hearings,  please  be  assured  that  we  are  very  mindful  of 
the  safety  implications  of  the  system  and  are  taking  all  the 
necessary  steps  to  insure  that  this  future  system  will  be  at 
least  as  safe  and  reliable  as  the  systems  that  have  served  us  so 
well  over  the  past  decades.   What  we  are  talking  about  is  ■ 
enormously  more  capability  at  equivalent  (or  even  enhanced) 
levels  of  safety  and  integrity  through  the  proper  mixture  of 
satellite  technology,  separate  integrity  and  monitoring  systems 
data  links,  cockpit,  and  ATC  automation.   Focus  again  on  the 
combination,  because  that  is  what  is  needed  —  GPS  for  precision 
navigation,  data  link  for  error  free  computer-to-computer 
communication,  ATC  as  well  as  flight  automation  to  develop  the 
optimum  integration  of  traffic  and  the  best  combination  of 
capabilities. 

Until'  now,  air  navigation  has  made  use  of  a  variety  of 
radio-navigation  systems  which  provide  reasonably  precise  and 
reliable  position  information.   Systems  such  as  VOR/DME 
(Very-High  Frequency  Omni-Directional  Range/Distance  Measuring 
Equipment),  Loran-C  (for  long-range  navigation).  Omega  and  ILS 
(Instrument  Landing  System)  have  provided  excellent, 
wide-ranging  navigation  capabilities;  but  for  some  phases  of 
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flight  all  are  limited  in  either  coverage  or  accuracy,  or  both. 
Therefore,  users  must  carry  several  types  of  receivers  to  obtain 
navigation  service  for  all  phases  of  flight. 

Satellite  technology,  and  specifically  GPS,  will  provide 
continuous,  reliable,  accurate  position  information  for  all 
phases  of  flight  to  users  worldwide.   By  the  end  of  this  year, 
DOD  will  declare  Initial  Operational  Capability  for  GPS. 
However,  even  before  this  formal  declaration,  we  have  begun  to 
use  GPS  in  domestic  and  oceanic  airspace.  The  FAA  has  approved 
use  of  GPS  as  a  supplemental  aid  for  enroute  and  terminal 
navigation  and  for  non-precision  approaches.   We  are  conducting 
tests  to  allow  the  private  use  of  GPS  for  precision  landings  and 
at  least  one  airline  is  intending  to  make  use  of  that  capability 
this  year  or  early  next.   We  have  already  issued  our  Technical 
Standard  Order  for  supplemental  use  of  GPS  in  the  national 
airspace  system  and  have  issued  procedures  for  use  of  GPS   as  a 
non-precision  approach  landing  aid.    In  fact,  I  must  tell  you 
that  this  is  the  first  time  that  I  can  remember  that  we  have  had 
procedures  in  place  for  new  technology  before  the  certified 
avionics  equipment  became  available. 

The  Defense  Department  pioneered  this  system  20  years  ago  and 
had  the  foresight  in  their  original  concept  to  include  a  civil 
mode.   Without  that  visionary  foresight  on  the  part  of  a  few 
individuals,  we  might  not  have  this  capability  today. 
Cooperation  between  the  DOD  and  FAA  on  this  system  has  been 
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outstanding.   The  FAA  has  been  working  closely  with  the  user  and 
supplier  community,  as  well  as  with  the  international  community 
through  ICAO,  to  gain  the  full  and  early  benefits  of  this  vastly 
improved  technology  for  civil  air  navigation.    For  example, 
about  18  months  ago,  the  FAA  asked  RTCA  —  a  preeminent  aviation 
organization  —  to  be  the  forum  for  the  development  of  a  US 
aviation  industry-wide  consensus  on  moving  toward  satellite 
navigation.   That  landmark  effort  was  completed  in  September 
1992  resulting  in  broad  community  support  for  early  transition 
to  GPS  and  satellite  technology. 

On  the  international  scene,  the  FAA  has  been  working  through 
ICAO  to  foster  the  early  introduction  of  satellite  technologies 
to  world-wide  aviation  applications.   Last  year,  in  a 
coordinated  effort,  the  US  Government  formally  offered  the 
Standard  Positioning  Services  (or  "civil"  mode)  of  GPS  to  ICAO 
for  aviation  use  throughout  the  world  without  direct  user 
costs.   It  was  envisioned  to  use  this  as  a  transition  step  to 
enable  early  movement  toward  satellite  technology.    We  are 
moving,  the  world  is  moving,  and  it  is  exciting  to  see  the 
momentum  build  in  support  of  this  transition. 

There  are  still  a  number  of  legitimate  policy  and  technical 
issues  to  be  addressed  as  we  begin  to  rely  on  this  new 
technology  and  make  plans  to  phase-out  the  older  systems.   On 
this  front,  we  are  very  sensitive  to  the  need  for  an  overall' 
government  strategy  to  address  all  of  these  issues  —  not  just 
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an  FAA  strategy,  but  a  US  government  strategy.   This  include 
fine-tuning  of  a  set  of  issues  ranging  from  national  security 
protection  of  GPS  to  system  accuracy,  and  operational 
integrity.   These  questions,  however,   will  not  prevent  us  from 
beginning  operational  use  —  and  learning  from  our  experience  — 
as  we  continue  to  develop  the  means  to  rely  solely  on  GPS  for 
air  navigation.   We  are  addressing  all  of  these  issues  in  our 
research  &  development,  testing,  and  operational  activities. 

Most  importantly,   a  comprehensive  set  of  policies  and 
strategies  to  provide  for  civilian  use  of  this  system  are  being 
developed  under  the  leadership  of  a  working  group  already 
chartered  by  Secretary  of  Transportation  Pena  and  Secretary  of 
Defense  Aspin.   This  group  got  started  shortly  after  the  new 
Administration  took  office  and  is  expected  to  complete  its 
initial  work  in  November  of  this  year.   The  goal,  simply  stated, 
is  to  insure  the  long  term  availability  of  GPS  as  an  asset  to 
all  modes  of  transportation  —  not  just  aviation. 

Let  me  step  back  for  a  few  minutes  and  describe  a  little  about 
the  GPS  system.   The  GPS  satellites  have  been  placed  in  orbit  by 
DOD  11,000  miles  above  the  Earth  and  emit  continuous,  identical 
radio  signals.   A  simple  receiver  measures  the  distance  from  at 
least  four  satellites  by  calculating  the  time  it  takes  the 
signal  to  arrive  and  thus  pinpoints  its  own  location.   The 
satellites  provide  complete  worldwide  coverage  at  both  low  amd 
high  altitudes.   As  it  becomes  more  refined,  it  appears  as  if 
GPS  can  substitute  for  most  other  aviation  navigation  systems. 

73-500   391 
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The  Standard  Positioning  Service  is  available  to  any  GPS  user 
worldwide  with  a  commercial  receiver  at  no  direct  charge  to  the 
user.   It  is  specified  to  be  accurate  to  within  100  meters, 
horizontally,  and  140  meters,  vertically  95%  of  the  time.   The 
Precise  Positioning  Service  (PPS)  is  more  accurate  and  will  be 
limited  to  military  and  specifically  authorized  civil  users. 

The  Basic  SPS  signal,  while  providing  a  significant  improvement 
over  existing  methods  of  navigation,  needs  augmentation  to  meet 
the  full  range  of  anticipated  aviation  applications.   As  it 
currently  exists,  GPS  can  be  used  as  a  supplemental  system  for 
oceanic,  domestic  en  route,  terminal  and  non-precision  approach 
navigation.   The  next  step  will  be  to  use  GPS  for  Cat  I 
precision  approaches.   To  meet  these  requirements,  we  are 
developing  a  feature  called  "Differential  GPS." 

Differential  GPS  will  enhance  the  accuracy  of  GPS  for  all  users 
within  coverage  of  this  differential  capability.   Simply  stated, 
the  system  will  correct  for  known  errors  in  the  satellite 
signals  and  transmit  error  correction  messages  directly  to  the 
aircraft  GPS  receivers.  This  will  effectively  remove  most  of  the 
errors  in  derived  GPS  position  within  coverage  of  this 
differential  system.   GPS,  with  this  differential  capability, 
should  allow  precision  landings  at  a  very  modest  cost  at 
virtually  every  runway  end  in  the  world.   In  addition,  this 
improved  accuracy  would  allow  GPS  to  be  used  to  navigate  around 
the  surface  of  an  airport  in  low  visibility  conditions   —  thus 
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a  safety  enhance  to  provide  further  protection  against  runway 
incursions.   Even  an  improved  GPS  based  TCAS  (what  we  have  begun 
to  call  TCAS  IV)  is  possible. 

There  are  two  types  of  Differential  GPS:   Local-area  and 
wide-area.   Local  areas  systems  will  make  use  of  simple 
data-link  transmitters  located,  say,  at  an  airport.   These  are 
not  much  more  complicated  than  a  normal  VHF  radio  and  are 
available  now.   Because  of  their  low  cost  and  simple  design, 
they  are  reasonable  affordable  and  can  be  provided  by  local 
operators  and  communities  to  meet  their  needs.   Local 
differential  systems  will  have  a  coverage  radius  of  about  20-25 
miles  and  probably  will  provide  a  little  more  accuracy  than  the 
wide-area  system. 

The  wide-area  system  is  a  more  elaborate  system  and  will  involve 
the  transmission  of  correction  signals  from  geo-stationary 
satellites  that  will  cover  large  land  areas  such  as  the  whole  of 
the  U.S.   It  will  require  a  fully  integrated  network  of  ground 
monitors  and  a  few  broadcast  satellites  to  transmit  the 
corrections.   Our  current  belief  is  that  wide-area  DGPS  will  use 
20  ground-based  monitors  evenly  spaced  across  the  United 
States.   The  ground-based  monitors  will  effectively  correct  the 
satellite  information.   We  are  doing  the  development  work  now 
and  have  recently  completed  some  testing  of  this  capability  at 
Technical  Center  in  Atlantic  City.  , 
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Now  that  I've  described  what  GPS  is  and  what  it  can  do,  how  can 
we  make  full  use  of  those  satellites  already  in  place?  We 
believe  that  full  utilization  will  require  ongoing  progress  in 
three  areas  simultaneously:   technical,  operational, 
institutional.   The  FAA  is  actively  engaged  in  each  of  these 
areas  and  has  made  significant  inroads. 

Technical 

Several  major  technical  projects  are  underway  in  the  FAA  R&D 
Service  to  support  a  rapid  implementation  of  GPS  technology. 
First,  the  wide-area  differential  network  is  being  designed  to 
augment  the  basic  satellite  constellation  providing  integrity, 
more  satellite  availability  and  better  accuracy.   On-line 
testing  with  our  wide  area  test  bed  facility  at  the  FAA 
Technical  Center  is  ongoing,  with  a  target  to  provide  accuracy 
supporting  all  phases  of  flight  down  to  Category  I  precision 
approaches . 

Local-area  differential  research  is  focusing  on  early  Category  I 
precision  approach  capability  for  private  users.   Current 
activities  in  this  area  are  being  conducted  with  regional  air 
carriers,  which  will  be  the  first  to  benefit  from  this 
technology. 

Research  is  underway  to  further  improve  the  local-area  concept 
by  demonstrating  feasibility  of  this  technology  to  support 
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Category  II/III  precision  approaches.   This  feasibility 
demonstration  should  be  complete  by  1995.   In  coordination  with 
industry  and  RTCA,  we  are  also  working  on  avionics  and  ground 
system  specification  development  to  ensure  that  the  systems  are 
interoperable  and  satisfy  user  requirements. 

Advanced  R&D  projects  are  continuing  to  investigate  the 
potential  of  GPS  to  support  advanced  navigation  and  other 
functions  such  as  weather  prediction,  airport  surveillance, 
height  monitoring  over  the  oceans,   GPS-based  attitude 
information,  a  GPS-based  TCAS,  to  name  only  a  few. 

We  are  working  on  several  bilateral  agreements  to  undertake  R&D 
that  would  enhance  GPS  acceptance  abroad.   International 
programs  covering  pilot/controller  procedure  development, 
avionics  specifications  and  advanced  GPS  applications  are  being 
enthusiastically  pursued  by  the  FAA's  Satellite  Program  Office. 

Operational 

Our  work  has  been  just  as  aggressive  to  move  GPS  along 
operationally.   FAA  has  approved  the  supplemental  use  of  GPS  for 
all  phases  of  flight,  including  non-precision  approaches  to 
airports.   With  this  approval,  GPS  can  be  used  to  fly  existing 
VOR,  NDB  and  RNAV  approaches.   In  tests  undertaken  in 
conjunction  with  Transport  Canada,  FAA  has  tested  and  approved 
instrument  approach  overlay  procedures  that  will  permit 
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non-precision  approaches  at  about  2500  airports  in  the  U.S. 
Further,  last  December,  after  working  closely  with  industry 
manufacturers,  FAA  issued  certification  criteria  for  GPS 
receivers.  These  are  expected  to  be  available  from  U.S. 
manufacturers  this  Fall. 

These  and  similar  operational  procedures  in  support  of  early 
satellite  navigation  implementation  were  developed  by  the  FAA 
The  actual  development  of  operational  procedures  and  standards, 
however,  is  a  primary  function  of  the  FAA  Satellite  Operation 
Implementation  Team,  known  as  SOIT.   SOIT  is  a  prime  example  of 
how  FAA  has  met  the  challenges  of  timely  satellite  navigation 
development  in  aggressive,  new  and  creative  ways.  SOIT  was 
formed  in  1991  to  establish  the  technical,  operational,  and 
certification  requirements  and  procedures  necessary  to  authorize 
GPS  use  as  soon  as  incremental  improvements  in  various 
capabilities  become  able  to  satisfy  IFR  requirements  for  a 
particular  phase  of  flight.   Because  of  SOIT's  work,  certain 
aircraft  were  authorized  as  early  as  last  year  to  use  GPS 
information,  as  long  as  traditional  navaids  were  available  to 
cross'  check  the  GPS  readings.   SOIT's  aggressive  pursuit  of 
early  operational  implementation  resulted  in  the  development  of 
a  Technical  Service  Order  (TSO)  that  redefines  the  minimum 
operating  performance  standards  to  permit  navigation,  thus 
increasing  GPS  availability. 
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Institutional 

On  this  institutional  side,  I  have  already  mentioned  the  DOD/DOT 
joint  task  force  which  is  underway  to  ensure  the  long-term 
utility  of  GPS  as  a  national  asset.   The  Task  Force  will  examine 
issues  such  as  joint  management,  operation  and  funding.   It  will 
be  the  task  force's  job  to  determine  the  level  and  types  of 
long-term  civil  augmentation  that  can  best  be  implemented.   The 
task  force  is  addressing  legal,  liability  and  national  security 
concerns,  with  its  initial  recommendations  expected  around 
November. 

Ultimately,  satellite  navigation  is  a  worldwide  venture.   The 
FAA,  together  with  ICAO  and  other  members  of  the  civil  aviation 
community  have  recognized  that  the  primary  stand-alone 
navigation  system  in  the  21st  century  will  be  provided  by  a 
Global  Navigation  Satellite  System  (GNSS)  of  which  GPS  will  be  a 
part  —  maybe  even  a  major  part.   The  FAA  has  offered  the  use  of 
GPS  for  international  civil  aviation  as  a  part  of  the  ICAO 
Global  Navigation  Satellite  System  (GNSS)  —  the  international 
term  for  the  future  satellite  navigation  system.   It  is 
important  to  understand  that  there  is  a  difference  between  GPS 
and  GNSS,  it  is  already  becoming  clear  that  the  world  will  use 
GPS  as  a  first  step,  if  you  will,  toward  satellite  navigation. 

This  is  a  very  exciting  time.   We  are  pursuing  this  technology 
as  rapidly  as  possible  but  we  are  mindful  of  the  safety 
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implications  of  the  system  and  take  all  the  necessary  steps  to 
insure  that  the  system  of  the  future  will  be  as  safe  and 
reliable  as  the  systems  that  have  served  us  so  will  over  the 
past  decades.   What  we  are  talking  about  is  enormously  more 
capability  without  sacrifice  of  system  integrity,  reliability, 
or  safety. 

That  completes  my  prepared  statement,  Mr.  Chairman.  We  would  be 
pleased  to  respond  to  any  questions  you  and  the  other  Members  of 
the  Committee  may  have  at  this  time. 
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We  are  on  the  threshold  of  the  most  significant  change  to  occur  within  civil 
aviation  since  the  introduction  of  radio  and  radio  navigation  over  50  years  ago.  This  change  is 
made  possible  by  new  technology  --  fast,  powerful  airborne  and  ground-based  computers,  a 
satellite  system  that  can  provide  the  air  transportation  system  with  aircraft  position  to  an  accuracy 
of  300  feet  or  better  and  universal  time  to  an  accuracy  of  less  than  one  one-millionth  of  a  second, 
plus  a  different  satellite  system  that  can  provide  accurate,  dependable  and  essentially 
instantaneous  voice  and  high-volume  data  communications  among  appropriately  equipped 
airborne  and  ground-based  elements  of  the  air  transportation  system. 

My  purpose  today  is  to  acquaint  you  with  some  of  the  opportunities  that  this 
technology  is  making  available  to  the  community  and  the  role  that  RTCA  is  playing  in 
transforming  opportunity  into  operational  implementation. 

To  put  this  change  in  perspective,  some  background  information  is  essential. 

The  communication,  navigation  and  surveillance  capability  upon  which  today's  air 
traffic  control  system  is  based  represents  1940's  technology  and  the  concepts  that  that  technology 
could  support. 

RTCA,  then  known  as  the  Radio  Technical  Commission  for  Aeronautics,  helped 
lay  the  foundation  for  today's  all-weather  air  traffic  navigation  and  control  system  using  those 
concepts  and  technology.  In  fact,  we  received  the  Collier  Trophy  in  1948  from  President  Truman 
for  this  accomplishment.  During  the  early  years  of  implementation,  the  electronics  technology 
installed  in  aircraft  and  on  the  ground  were  well-matched,  and  procedures  were  in  place  to 
capitalize  on  this  technology.   In  a  word,  the  "system"  was  well-balanced. 

In  the  intervening  years,  much  has  been  done  to  incrementally  improve  the  system 
—  radar  has  been  added  to  improve  surveillance;  more  frequencies  have  been  added  to 
accommodate  the  increasing  need  for  improved  communications;  and  many  incremental 
improvements  have  been  made  in  the  performance  characteristics  of  civil  aviation  electronics. 
During  this  process,  technology  has  been  introduced  into  airborne  and  ground  segments  at 
different  rates,  and  the  balance  among  airplanes,  airports  and  air  traffic  procedures  has  eroded. 

The  civil  aviation  community  needs  a  new,  more  capable  system  concept 
embracing  airplanes,  airports  and  procedures  to  meet  the  pressing  need  for  increased  system 
capacity,  efficiency  and  safety.  Fortunately,  new  technology  is  now  available  to  provide  the 
sorely  needed  capability.  GNSS/GPS  can  provide  the  universally  available  precise  position  and 
time  information  that  is  needed  to  establish  the  location  of  all  aircraft  at  any  instant.  Satellite- 
based  communications  can  provide  the  capability  for  aircraft  and  the  air  traffic  management 
system  to  maintain  instantaneous,  high-volume,  error-free  communications,  even  over  the  remote 
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oceanic  and  land-based  portions  of  the  earth  that  are  not  served  by  more  traditional 
communications.  Airborne  flight  management  computers  and  ground-based  air  traffic 
management  computers,  using  digital  communications,  can  exploit  this  information  by  automating 
and  expediting  the  exchange  of  real-time  information,  "crunching"  numbers  and  providing  air 
crew  members  and  air  traffic  managers  with  the  information  they  need  to  make  decisions  faster 
and  with  better  information.  Equally  important,  because  some  of  this  improved  capability  is 
already  available  in  the  newest  aircraft  that  are  currentiy  in  service,  some  of  the  operational  and 
economic  benefits  made  possible  by  new  technology  can  be  implemented  now,  through  the  use 
of  new  policies  and  procedures,  without  requiring  major  new  investments.  The  result  will  be 
enhanced  capacity,  efficiency  and  safety  for  the  air  transportation  system. 

E)ecision  makers  from  both  the  public  and  private  sectors  of  the  aviation 
community  recognize  the  need  for  change  and  the  opportunity  provided  through  the 
implementation  of  the  new  technology.  Action  is  underway,  first  to  define  a  new  concept,  then 
to  make  the  requisite  investment  in  policies,  procedures  and  equipment  that  will  implement  the 
new  capability  using  an  evolutionary  approach  at  the  earliest  practical  time.  At  issue  is  not 
"whether"  to  change  but  rather  "when"  and  "how"  to  change.  There  is  good  community 
cooperation  in  this  effort  with  the  private-sector  users  taking  the  much  more  aggressive  role  in 
urging  improvements  in  1993  or  1994  rather  than  closer  to  the  turn  of  the  century. 

With  that  as  prologue,  now  I'd  like  to  focus  on  initiatives  to  change  the  system 
and  the  role  that  RTCA  is  playing  in  this  very  imporiant  endeavor. 

In  late  1991,  the  FA  A  Administrator  wrote  to  RTCA  that  "the  recent  ICAO  Tenth 
Air  Navigation  Conference  resulted  in  international  agreement  supporting  the  adoption  of  the 
Future  Air  Navigation  System/Global  Navigation  Satellite  System  (GNSS)  as  a  key  element  of 
the  future  Air  Traffic  Management  (ATM)  system.  Within  the  U.S.,  the  FAA  and  virtually  all 
of  the  aviation  community  strongly  support  the  rapid  movement  toward  the  implementation  of 
GNSS...." 

"Many  times  in  its  past,  RTCA  has  played  a  role  as  a  technical  forum  where  the 
entire  aviation  community  can  come  together  and  examine  broad  system  concepts,  as  well  as  the 
more  detailed  technical  requirements  to  implement  these  concepts....  We  believe  that  RTCA  is 
well  positioned  to  develop  community  consensus  addressing  the  general  subject  of 
implementation  of  GNSS  in  the  United  States.  Specifically,  we  request  that  RTCA  establish  a 
senior-level  activity...to  examine  the  various  applications  of  GNSS...and  develop  a  series  of  basic 
technical  system  requirements  to  achieve  the  various  desired  capabilities...." 

As  you  may  know,  RTCA  is  a  private,  non-profit  corporation  that  addresses 
requirements  and  technical  concepts  for  aviation.  The  organization  has  served  the  aviation 
community  for  over  50  years  by  providing  a  forum  where  government  and  industry 
representatives  gather  to  address  aviation  issues  and  to  develop  reconunendations. 

RTCA  functions  as  a  Federal  Advisory  Committee  and  draws  on  the  full  spectrum 
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of  the  community  —  airline,  business  and  general  aviation  users,  government  regulators,  airframe 
manufacturers,  avionics  and  aviation  service  suppliers  —  to  prepare  consensus-based 
recommendations  on  the  issues.  Although  our  recommendations  have  no  authority  in  and  of  their 
own  right,  they  do  represent  the  community's  consensus  view  and  are  usually  accepted  by  the 
FAA  as  a  basis  for  the  Technical  Standard  Orders  that  serve  as  the  basis  for  designing  and 
building  new  avionics  equipment.  Our  recommendations  are  also  accepted  as  "de  facto" 
standards  for  such  processes  as  the  testing  of  avionics  equipment  and  the  development  of 
certifiable  aviation  software.  In  essence,  RTCA  provides  the  means  by  which  users,  government 
and  suppliers  meet,  reach  agreement  and  set  in  motion  the  technical  evolution  of  the  air 
transponation  system.  In  addition  to  the  standards  for  testing  and  software  development,  RTCA 
has  also  prepared  the  basis  for  standards  used  to  certify  communication,  navigation  and 
surveillance  equipment.  Currentiy  we  are  developing  recommended  standards  for  satellite-based 
navigation  receivers,  satellite  communications,  the  aeronautical  application  of  computers  and 
related  technology.  Recentiy  we  expanded  our  horizons  to  take  a  true  "systems"  approach  to 
aviation  issues,  thereby  including  within  our  deliberations  those  considerations  dealing  with 
ground  systems,  airpons  and  tiieir  interoperability  witii  aircraft  systems. 

It  is  important  to  note  that  RTCA  provides  tiie  FAA  and  the  aviation  community 
a  unique  service  —  tiie  proven  ability  to  draw  upon  the  entire  aviation  community  and  to  develop 
a  broad  based  consensus  on  critical  aviation  issues.  The  government  does  not  have  this  capability 
in  house.  Several  years  ago  the  FAA  attempted  to  accomplish  the  RTCA  function  internal  to  tiie 
organization  and  after  a  short  period  rejoined  RTCA  and  again  sought  RTCA  assistance  in 
developing  recommended  standards  and  technical  guidance  documents.  Neither  can  industry,  by 
itself,  perform  the  RTCA  service.  While  a  single  organization  or  contractor  can  prepare 
recommendations  on  essentially  any  topic,  the  resulting  recommendations  will  not  represent  tiie 
consensus  views  and  opinions  of  the  aviation  community  and  hence  will  be  much  more  narrow 
in  their  perspective  and  scope.  RTCA  is  indeed  unique  and  provides  a  capability  that  is  needed 
by  the  FAA  and  could  not  be  easily  duplicated. 

Financial  support  for  RTCA's  activity  is  principally  derived  from  funding  provided 
by  government  and  industry  members. 

Given  its  "consensus-producing"  capability  and  its  proven  track  record,  RTCA 
accepted  the  Administrator's  tasking  and  immediately  set  about  creating  tiie  GNSS  Transition  and 
Implementation  Strategy  Task  Force.  Emphasis  was  placed  on  achieving  an  early  GNSS  initial 
operational  capability. 

Organization,  leadership  and  broad  participation  were  clearly  going  to  be  key 
elements  in  tiie  success  of  the  GNSS  Task  Force.  RTCA  invited  Mr.  James  Abrahamson,  tiien 
Executive  Vice  President  and  President,  Transportation  Sector  of  Hughes  Aircraft  Company, 
currently  Chairman  oT  Oracle  Corporation,  to  chair  tiie  Task  Force.  Mr.  Abrahamson  agreed. 
The  objective  of  tiie  Task  Force  was  to  develop  aviation  community  consensus  on  early 
implementation  of  GNSS,  and  it  drew  heavily  on  the  work  of  two  ongoing  RTCA  committees. 
Special  Committee   159,  Minimum  Aviation  System  Performance  Standards  for  Airborne 
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Navigation  Equipment  Using  The  Global  Positioning  System  (GPS)  and  Special  Committee  169, 
Aeronautical  Data  Link  Applications.^  The  thrust  of  the  Task  Force  was  to  focus  on  user  needs 
and  perspectives.  The  scope  of  the  Task  Force  effort  was  very  broad  —  to  include  initial  and 
transition  considerations  as  well  as  technical  issues. 

Due  to  the  magnitude  of  the  issues  and  a  limited  time  frame,  five  Task  Force 
Working  Groups  were  formed  to  address  the  following  specific  types  of  issues: 

Applications  and  Required  Procedures  (Working  Group  1) 

Technical  Requirements  and  Compromises  (Working  Group  2) 

Transition  Issues  (Working  Group  3) 

Institutional  Issues  (Working  Group  4) 

Future  Directions  (Working  Group  5) 

The  Task  Force  included  over  2(X)  volunteers,  representing  a  broad  cross-section 
of  the  aviation  community,  and  worked  approximately  nine  months  in  developing  its  conclusions 
and  recommendations. 

In  brief,  the  RTCA  Task  Force  on  GNSS  Transition  and  Implementation  Strategy 
concluded  that: 

•  aviation  system  users  need  and  want  the  operational  benefits  that  will  accrue  with 

the  use  of  GNSS. 


the  technology  required  to  achieve  a  GNSS  initial  operational  capability  is 
available. 

there  are  no  institutional  issues  that  should  preclude  an  early,  initial  operational 
capability. 

the  transition  to  GNSS-supported  operations  should  be  user-driven  and  should 
occur  in  an  evolutionary  manner. 

Initiatives  to  address  and  resolve  issues  attendant  with  longer-term  use  of  GNSS 
should  prompUy  begin. 


GNSS  is  a  here-and-now  capability  that  will  provide  major  operational  benefits 
to  all  users  of  the  air  transportation  system.      The  Task  Force  strongly  recommended 
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implementation  of  an  early  initial  operational  capability  and  follow-on  efforts  to  quickly  resolve 
longer-term  institutional  and  equipment  development  issues. 

Included  as  an  attachment  to  this  statement  is  a  copy  of  the  GNSS  Transition  and 
Implementation  Strategy  Task  Force  Executive  Summary.  Copies  of  the  report  itself  can  be  made 
available  to  support  the  Committee's  deliberations. 

On  October  13,  1992,  RTCA  presented  the  GNSS  Task  Force  Report  to  the  FAA 
Administrator.  The  FAA  has  enthusiastically  embraced  the  report's  conclusions  and 
recommendations.  The  Administrator  also  took  cognizance  of  our  comments  regarding  the  need 
for  a  similar  effort  focused  on  tiie  subject  of  digital  communications.  RTCA  was  asked  to  form 
another  Task  Force,  tiie  purpose  of  which  was  to  develop  consensus  recommendations  regaixling 
the  early  implementation  of  digital  communications.  That  effort  is  now  underway. 

The  new  RTCA  Task  Force,  Transition  to  Digital  Communications,  is  chaired  by 
Mr.  Louis  J.  Mancini,  Vice  President,  Engineering  Inspection  and  Quality  Assurance  for 
Northwest  Airiines.  We  formed  three  Working  Groups  to  focus  on  the  major  aspects  of  the 
transition  issue: 

•  Operational  Requirements  and  Applications  (Working  Group  1) 

•  Institutional  Issues  and  Transition  Strategy  (Working  Group  2) 

•  Technology  Choices  and  Opportunities  (Working  Group  3) 

Each  Working  Group  is  addressing  the  following  four  topic  areas  ftom  their 
respective  vantage  points: 

•  Air  Traffic  Management 

•  Precision/Non-precision  Approaches 

•  Airline  Operational  Communications  and  Passenger  Services 

•  Airport  Surface  Surveillance/Control 

The  Working  Groups  are  considering  all  of  these  areas  of  concern  for  the  near 
term  (1-3  years;  for  the  median  term  (3-5  years);  and  for  the  long  term  (5-10  years). 

Once  again,  we  are  operating  as  a  Federal  Advisory  Committee.  Our  deliberations 
are  open  to  all  who  have  an  interest  in  the  subject  of  civil  aviation  digital  communications. 
Approximately  1(X)  volunteers  have  thus  far  participated  in  the  consensus-building  process. 

The  Requirements  Working  Group  is  making  progress  in  identifying  a  variety  of 
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air  traffic  management,  precision  approach  to  landing,  airline  communications  passenger  services 
and  airport  operations  functions  that  will  benefit  from  the  introduction  of  digital  communications. 
They  are  also  attempting  to  quantify  the  operational  benefits  that  would  accrue  to  those  who 
invested  in  equipment  that  makes  use  of  new  technology.  Implementation  of  essentially  all 
functions  will  depend  on  increased  use  of  ground-based  computers,  and  several  will  capitalize 
on  the  precise  time  and  instantaneous  position  information  that  is  available  through  the  use  of 
the  United  States-  developed  Global  Positioning  System. 

To  illustrate  the  later  point,  information  that  has  become  available  since  completion 
of  the  GNSS  Task  Force  report  was  completed  suggests  that  GPS,  with  augmenution  from  the 
use  of  differential  GPS  equipment,  can  be  used  to  establish  the  real-time  position  of  an  aircraft 
with  an  accuracy  of  2  to  5  meters  (6  to  16  feet)  and  possibly  through  the  use  of  more 
sophisticated  computer  processing  techniques,  to  an  accuracy  of  several  inches!  Much  more 
testing  and  analysis  is  yet  required,  but  there  is  strong  preliminary  evidence  to  suggest  that  GPS 
can  support  precision  approaches  to  better  than  Category  I  minimums.  RTCA's  new  Task  Force 
expects  to  have  a  reconunendation  for  the  data  link  associated  with  use  of  the  differential  GPS 
technology  within  a  few  weeks. 

In  a  similar  manner,  the  Technology  Working  Group  in  assessing  the  status  of 
available  technology  and  preparing  cost  and  schedule  estimates  for  introducing  various 
manifestations  of  computers,  satellite-based  navigation  and  satellite-based  communications. 

The  Institutional  Group  is  addressing  both  domestic  and  international  policy  and 
procedural  issues,  preparing  appropriate  recommendations  and  investigating  alternative 
implementation  strategies  and  schedules. 

The  Task  Force,  in  plenary  session,  will  reach  consensus  regarding  all  digital 
communication  task  force  conclusions  and  recommendations  late  this  calendar  year. 

These  arc  exciting  times.  The  technology  needed  to  resolve  long  standing 
operational  issues  is  now  at  hand.  The  civil  aviation  community  needs  to  decide  what  it  wants 
to  do,  agree  on  how  and  when  to  proceed  —  then  IMPLEMENT! 

The  recommendations  from  the  GNSS  Task  Force  and  the  Digital  Communications 
Task  Force  will  provide  the  consensus-based  plan;  however,  there  still  will  be  a  great  deal  of 
work  to  do.  The  community  will  need  to  think  differently  about  issues  and  opportunities.  We 
will  need  an  entirely  new  concept  for  operating  the  air  transportation  system.  FAA  will  need  to 
develop,  then  implement,  new  operating  policies  and  procedures  and  new  equipment  certification 
procedures.  In  fact,  new  concepts  and  procedures  will  be  needed  to  certify  and  operate  the  air 
traffic  management  system  and  its  many  air  and  ground  elements  as  a  "system"  —  from  end  to 
end  —  including  both  the  airborne  equipment  and  the  ground-based  equipment  with  which  it  will 
work  on  a  real  time  interactive  basis.  These  are  primarily  FAA  responsibilities  but  RTCA  and 
the  industry  can  help. 
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Similarly,  the  community  will  need  new  performance  standards  to  be  used  in 
designing,  building  and  certifying  equipment  —  an  RTCA  activity. 

New  electronics  incorporating  the  new  technology  will  be  needed  —  the 
responsibility  of  the  FAA,  airplane  users,  airport  operators  and  suppliers. 

We  will  need  a  true  govemmentAndustry  parmership  to  be  successful  in 
implementing  the  needed  change.  RTCA  not  only  is  well-postured  but  also  has  the  structure  and 
the  experience  to  achieve  that  goal.  Our  initiatives  and  programs  are  structured  by  our  Board 
of  Directors,  which  includes: 

Steven  J.  Brown,  Aircraft  Owners  and  Pilots  Association 

B.  Richard  Climie,  Consultant 

Frank  J.  Colson,  Department  of  Defense  Policy  Board  of  Federal  Aviation 
John  J.  Feamsides,  Center  for  Advanced  Aviation  Systems  Development, 

The  MITRE  Corporation 
J.  Roger  Fleming,  Air  Transport  Association  of  America 
James  W.  Hardy,  Hughes  Aircraft  Company 
Andrew  T.  Hospodor,  Aeronautical  Radio,  Inc. 
John  E.  O'Brien,  Air  Line  Pilots  Association 
Richard  A.  Peal,  Boeing  Commercial  Airplanes 
Siegbert  B.  Poritzky,  Airport  Council  International-North  America 
Martin  T.  Pozesky,  Federal  Aviation  Administration  -  ASD-1 

C.  Dennis  Wright,  National  Business  Aircraft  Association 
David  S.  Watrous,  RTCA,  Inc. 

Our  volunteers  come  ftom  the  full  spectrum  of  the  government  and  industry  segments  of  aviation. 

Technology  is  available.  The  process  for  achieving  consensus  is  in  place.  The 
United  States  can  and  should  lead  the  aviation  community  in  achieving  new  levels  of  capacity, 
efficiency,  and  safety. 

The  question  before  all  of  us  is  not  IF,  it  is  HOW  and  WHEN.  Now  is  the  time 
for  action! 


## 
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RTCA,  Inc.,  a  non-profit 
organization  whose  membership 
represents  a  cross-section  of  the 
aviation  community,  operates  as  a 
Federal  Advisory  Committee. 
Through  the  use  of  volunteers, 
RTCA  regularly  develops  consensus 
recommendations  on  major  aviation- 
related  communication,  navigation 
and  surveillance  issues. 

Inquiries  and  comments 
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publications  can  be  addressed  to: 
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Suite  1020 
Washington,  D.  C.   20036-4001 
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OVERVIEW 


Implementation  of  the  Global 
Navigation  Satellite  System  (GNSS) 
represents  the  greatest  opportunity  to 
enhance  aviation  system  capacity, 
efficiency  and  safety  since  the 
introduction  of  radios  and  radio-based 
navigation  more  than  50  years  ago. 
Operational  use  of  GNSS  offers  civil 
aviation  two  major  opportunities: 

•  to  significantly  improve  both  the 
accuracy  and  timeliness  with  which 
aircraft  position  information  can  be 
determined  everywhere  in  the  world. 

•  to  effect  a  fundamental  change  in  the 
concepts  used  to  manage  aircraft 
operations  and  the  procedures 
attendant  therewith. 

In  brief,  the  RTCA  Task  Force  on 
GNSS  Transition  and  Implementation 
Strategy  concluded  that: 

•  aviation  system  users  need  and  want 
the  operational  benefits  that  will 
accrue  with  the  use  of  GNSS. 


•  the  technology  required  to  achieve  a 
GNSS  initial  operational  capability  is 
available. 

•  there  are  no  institutional  issues  that 
should  preclude  an  early,  initial 
operational  capability. 

•  the  transition  to  GNSS-supported 
operations  should  be  user-driven  and 
should  occur  in  an  evolutionary 
manner. 

•  Initiatives  to  address  and  resolve 
issues  attendant  with  longer-term  use 
of  GNSS  should  promptly  begin. 

GNSS  is  a  here  and  now  capability 
that  will  provide  major  operational 
benefits  to  all  users  of  the  air 
transportation  system.  The  Task 
Force  strongly  recommends 
implementation  of  an  early  initial 
operational  capability  and  follow-on 
efforts  to  quickly  resolve  longer-term 
institutional  and  equipment 
development  issues. 


BACKGROUND 


During  the  latter  portion  of  1991,  the 
International  Civil  Aviation  Organization 
(ICAO)  Tenth  Air  Navigation  Conference 
resulted  in  international  agreement 
supporting  the  adoption  of  the  Future  Air 
Navigation  System/Global  Navigation 
Satellite  System  as  a  key  element  of  the 
future  Air  Traffic  Management  (ATM) 
system.  Soon  thereafter.  Federal 
Aviation  Administration  (FAA) 
Administrator  James   B.   Busey   asked 


RTCA  to  develop  community  consensus 
regarding  implementation  of  GNSS  for 
civil  aviation  use  in  the  United  States  and 
to  provide  FAA  with  appropriate 
recommendations  for  achieving  that 
objective. 

In  response  to  the  FAA 
Administrator's  request,  RTCA  formed  a 
Task  Force  (TF-1),  chaired  by  Mr.  James 
A.  Abrahamson,  Executive  Vice  President 
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and  President,  Transportation  Sector  of 
Hughes  Aircraft  Company,  to  address 
how  and  when  an  early  GNSS 
operational  capability  could  be 
implemented. 

Five  Task  Force  Working  Groups 
were  formed  to  address  GNSS  transition 
and  implementation  issues: 


Working  Group  One: 
Required  Procedures 


Applications  and 


Working     Group     Two: 


Technical 


Requirements  and  Compromises 


Working  Group  Three:  Transition  Issues 

Working  Group  Four:  Institutional  Issues 

Working  Group  Five:  Future  Directions 
of  GNSS  Technology. 


Over  200  interested  aviation  community 
volunteers,  representing  essentially  the 
full  cross-section  of  the  community, 
participated  in  the  Task  Force  effort.  The 
group  was  impressed  with  FAA's 
commitment  to  achieving  early-on  a 
GNSS  operational  capability. 


BASIC  SYSTEM  DESCRIPTION 


A  basic  understanding  of  satellite- 
based  navigation  is  fundamental  to  any 
discussion  of  Task  Force  deliberations 
and  recommendations. 

Satellite  navigation  uses  a 
constellation  of  many  satellites  orbiting 
the  earth  to  instantaneously  and  very 
accurately  determine  the  position  of  users 
on  or  above  the  earth.  The  position  of 
each  satellite  is  known  with  great 
precision.  By  using  satellite-transmitted 
radio  signals  to  establish  the  distance  of 
a  user  from  each  of  several  satellites,  the 
exact  position  of  the  user  can  be 
calculated  with  a  horizontal  position  error 
of  100  meters  (approximately  300  feet)  or 
less.  The  GNSS  can  also  provide 
universal  time  with  an  accuracy  of  better 
than  one-millionth  of  a  second. 

The  GNSS  can  provide  users,  on  a 
worldwide  basis,  with  instantaneous 
knowledge  of  their  position  to  an 
accuracy  that  is  far  better  than   that 


provided  by  traditional  earth-based 
navigation  equipment  during  essentially 
every  portion  of  a  flight. 

The  iiiitial  GNSS  will  consist  of  the 
21  United  States-developed  Global 
Positioning  System  (GPS)  satellites  plus 
Uiree  operational  spares.  The  Russian 
Global  Orbiting  Navigation  Satellite 
System  (GLONASS)  and  possibly  otiier 
satellites  will  likely  become  part  of 
GNSS  at  a  later  date. 

Initially,  GNSS-equipped  users  will 
have  the  capability  to  conduct  en  route 
and  terminal  area  navigation  operations 
using  existing  procedures.  GNSS-based 
operations  will  also  support  non-precision 
approaches  to  a  decision  height  of 
approximately  200  feet  above  the  ground. 
Barometric  altimeter  data  will  be  used  as 
a  confirming  source  of  aircraft  altitude 
information.  With      augmentation 

provided  by  ground-based  Differential 
GNSS  equipment,  precision  approaches 
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equivalent  to  ILS  Category  I  and 
potentially  airport  surface  operations  will 
soon  be  possible.  Augmentation  to 
improve  the  integrity  of  the  GNSS 
information  will  be  necessary  until  the 
number  of  satellites  in  the  initial  GNSS 
constellation  is  increased. 


In  the  longer  term,  GNSS  may  be 
able  to  support  precision  approaches  to 
lower-decision  heights/minimum-decent 
altitudes  and  may  also  provide  an 
alternative  method  for  performing  other 
important  aviation-related  functions. 


OPERATIONAL  APPLICATIONS  AND  BENEFITS 


The  goals  of  the  aviation  industry 
with  respect  to  GNSS  are  twofold: 

•  to  immediately  derive  all  possible 
advantage  from  GNSS 

•  to  replace  existing  navigation  systems 
with  GNSS  wherever  GNSS 
performance  is  superior  and 
cost-effective  or  can  enable 
applications  that  are  not  feasible 
today  using  other  sensors. 

Although  the  GNSS  constellation  is 
not  yet  complete,  many  useful 
applications  and  benefits  are  available 
today.  Existing  navigation  systems, 
combined  with  GNSS  as  multi-sensor 
systems,  can  take  advantage  of  GNSS 
accuracy.  The  result  would  be  a  major 
improvement  in  precise  knowledge  of 
aircraft  position  at  any  instant  in  time, 
thereby  improving  the  capacity,  efficiency 
and  safety  of  the  air  transportation 
system. 

The  GNSS-based  initial  operational 
capability  should  provide,  as  a  minimum, 
en  route,  oceanic,  terminal  area  and 
non-precision  approach  navigation 
service.  These  operations  are  expected  to 
satisfy  more  that  90  percent  of  general 


aviation's  needs  for  navigation  and 
landing  guidance,  and  many  needs  of  all 
aviation  users. 

The  high  accuracy  and  timeliness  of 
GNSS  position-fixing  and  navigation 
information  makes  possible  a 
fundamental  change  in  the  way  that 
operating  minima  are  established.  With 
very  high  accuracy  position-fixing  data 
available  to  users  and  air  traffic 
managers,  a  new  approach  to  landing 
categories  may  become  appropriate. 
Designations  such  as  Instrument  Landing 
System  (ELS)  Performance  Category  1, 11 
or  III  may  no  longer  be  applicable,  and 
minima  may  be  more  appropriately 
established  based  on  performance  of  on- 
board navigation  equipment. 

GNSS-based  Automatic  Dependent 
Surveillance  (GNSS/ADS)  should  become 
an  important  source  of  surveillance 
information,  initially  in  the  less-dense 
traffic  locations  where  secondary 
surveillance  data  is  not  available,  e.g., 
over  the  oceans  or  in  other  areas  where 
radar  surveillance  is  difficult  to  justify. 
GNSS/ADS  may  eventually  complement 
or  replace  secondary  surveillance  radar 
even  in  terminal  area  applications. 
GNSS/ADS  may  be  used  for  operational 
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control  by  the  airlines  and  other  aircraft 
operators.  Some  such  applications  are 
currently  in  operational  evaluation. 

GNSS  also  provides  the  potential  to 
replace  existing  navigation  systems  with 
one  system  capable  of  worldwide,  all- 
weather  navigation.  Major  operational 
benefits  expected  to  accrue  from  use  of 
GNSS  include  reduced  flight  time,  more 
efficient  flight  paths,  and  reduced  delays 
—  all  made  possible  by  procedures  that 
flow  from  more  accurate  area  navigation 
information  and  improved  surveillance. 

Users  benefitting  from  GNSS-based 
operations  range  from  the  general 
aviation  community  to  major  air  carriers. 
All  will  enjoy  an  unprecedented  level  of 
operational  flexibility  by  having  available 
at  minimal  cost,  instrument  approaches  to 
nuuiy  additional  runways. 


In  the  U.S.,  there  are  over  5,700 
runways  long  enough  to  accommodate 
transport  aircraft,  yet  there  are  fewer  than 
1,300  instrument  landing  facilities. 
GNSS-based  approaches  could  provide 
access  to  both  ends  of  these  runways 
during  Instrument  Meteorological 
Conditions  (IMC). 

Augmented  GNSS  accuracy  of  five 
meters  or  better  should  be  achievable  and 
could  support  ground  operations.  Using 
GNSS  information  to  guide  aircraft 
taxiing  on  the  ground  or  airport  surface 
vehicles  will  significantly  enhance 
situational  awareness  of  all  airport 
surface  operations  and  will  improve 
airport  surface  navigation  thereby  helping 
to  prevent  runway  incursions. 


TRANSITION  TO  GNSS 


Transition  from  the  current  ground- 
based  radio  navigation  system  to  a 
GNSS-based  system  should  begin  in 
1993,  evolve  in  accordance  with  user 
needs  and  proceed  as  rapidly  as  the  FAA 
and  users  can  demonstrate  required 
system  performance  characteristics. 

Figure  1  summarizes  both  the  dates 
by  which  users  desire  a  specific  GNSS 
capability  and  the  dates  by  which 
technology  can  support  an  initial 
operational  capability.  The  development 
of  procedures  —  not  technology  —  will 
determine  when  a  GNSS  initial 
operational  capability  is  achieved  and 
the  pace  at  which  the  initial 
operational  capability  can  be  expanded. 


To  encourage  near-term  GNSS 
equipage  of  the  nation's  aircraft,  the  FAA 
should  adopt  a  policy  of  granting  GNSS- 
derived  benefits  to  GNSS-equipped 
aircraft.  This  policy  will  create  an 
aviation  transition  environment  that  can 
be  represented  by  a  transition  graph 
similar  to  that  shown  in  Figure  2.  liie 
actual  slope  of  the  various  sections  of  the 
graph  will  be  determined  by  a  multitude 
of  considerations  attendant  with  moving 
from  point  to  point  of  the  figure. 
However,  the  greatest  influence  of  these 
transition  factors  will  be  determined  by 
the  FAA's  willingness  to  grant  immediate 
operational  benefits  for  each  incremental 
investment  in  GNSS  capability  and 
functionality. 
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FIGURE  1: 


Overview  of  User  Needs  in  Context  of  Available  Technology 




CAPABILITY 

USERS 

TECHNOLOGY 

GNSS  Supplemental  Means  and 
Multi-Sensor  Navigation 

Now 

Now 

GNSS-Based  ADS  (in  low  density 
applications) 

1993 

1993 

GNSS-Based  Airport  Navigation  and 
Surveillance 

1993 

1993 

Special  Category  I  GNSS-Based 
Approaches  (200-foot  altitude  and 
0.5  mile  visibility) 

1993 

1993 

Instrument  Approach  DH  <200  feet 
altitude 

1994 

1995 

Distance-Based  Separation  Standards 

1994 

1994 

GNSS  Sole  Means 
(Including  GNSS  Integrity  Channel) 

1995 

1995 

GLONASS  Constellation  Completed 

1995 

1995 

Obstacle  Clearance  Criteria 

1995 

1995 

GNSS-Based  Autoland  and  Takeoff 
(300  RVR)  Using  Carrier  Phase 
Differential  GPS 
(Accuracy  <1  meter) 

1997 

1997 

NOTE:  The  dates  shown  are  for  an  initial  operational  capability  with 

the  first  few  GNSS  configured  aircraft  fiying   in  specific 
airspace  and/or  landing  at  specific  locations. 
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FIGURE  2: 


GNSS  Transition  Profile 
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A   Present  environment  (some  GNSS  equipage  due  to  perceived  utility  of  tectinology) 

B   Start  of  full  scale  transition  to  GNSS  (with  FAA  and  industry-wide  backing) 

B'  Point  at  whicfi  individual  operators,  at  their  own  discretion,  begin  removal  of  current  system 
avionics  on  a  substitution  basis.  The  sooner  this  event  is  sanctioned  the  quicker  transition 
will  be  achieved. 

C    Reductkxi  of  voluntary  GNSS  equipage.  The  point  at  which  announcement  of  date  (D) 
at  which  current  system  ground  sujppoft  services  wil  begin  to  be  decommissioned. 

D    Start  of  decommissioning  current  system  ground  facilities. 

E    Virtually  1 00%  fleet  equipage  (U.S.). 

F     ICAO  announcement  for  fmal  protection  date  (G)  of  existing  system  ground  based 
navigation  systems  for  international  routes  and  airports. 

G     End  ICAO  protection  period  for  existing  systems. 

H     Continued  operation  of  current  system  ground  support  for  special  (exception  cases) 
situations  and  silM. 
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Emphasis  on  early  transition  to 
GNSS  requires  the  FAA  and  the  aviation 
community  to  place  high  priority  on 
taking  advantage  of  existing  technologies, 
institutional  resources,  and  capital 
investments.  Available  services  should 
be  used  with  as  little  modification  as 
possible,  to  support  the  initial  GNSS 
applications.  In  time,  optimum  GNSS 
support  services  and  FAA  and  industry 
infrastructure  can  be  created,  evolved  and 
sustained.      The     FAA     should    take 


responsibility  for  encouraging  adoption  of 
this  approach  both  within  the  U.S.  and 
throughout  the  world  aviation  community. 

Withdrawal  of  current  navigation  aids 
may  be  undertaken  in  an  incremental 
manner  proportionate  to  the  usage  levels 
of  the  specific  service.  Retirement  of 
current  ground-based  navigation  aids 
should  be  implemented  as  soon  as 
practical. 


INSTITUTIONAL  CONSIDERATIONS 


The  initial  implementation  of  GNSS 
in  U.S. -controlled  airspace  poses  no 
institutional  obstacles.  However,  the 
evolution  of  GNSS  into  a  fully  capable 
and  internationally  acceptable  service 
embraces  a  set  of  institutional  concerns 
that  must  be  resolved  in  the  near  term  to 
allow  GNSS  to  develop  to  its  full 
potential. 

The  U.S.  Department  of  Defense 
(DoD)  has  agreed  to  provide  a  specific 
level  of  GPS  service  for  use  by  the  civil 
community  and  it  will  be  held 
accountable  for  the  provision  of  the 
service.  The  terms  and  conditions  of  this 
commitment  are  provided  in 
intragovernmental  Memoranda  of 
Agreement      (MOAs).  If     these 

intragovernmental  agreements  are  legally 
insufficient  to  meet  certification  standards 
contained  in  Federal  Aviation  Regulation 
Part  25  (FAR  Part  25)  and  operating 
rules  contained  in  Federal  Aviation 
Regulation  Part  121  (FAR  Part  121),  the 
U.S.  Department  of  Transportation  (DOT) 
should  take  action  to  codify  the  terms  of 


such   agreements  regarding   GPS   civil 
services. 

Using  the  Administrative  Procedures 
Act,  the  DOT  should  allow  the  civil 
community  to  officially  comment  on  any 
proposed  changes  in  the  provision  of  the 
Global  Positioning  System  Standard 
Positioning  Service.  DOT,  jointly  with 
DoD,  should  apprise  Congress  that  GPS 
services  are  not  only  of  national  military 
importance,  but  that  they  are  taking  on  a 
critical  significance  to  the  civil  aviation 
community  as  well. 

The  DoD  should  continue  to 
program,  and  the  Congress  should 
appropriate,  sufficient  funds  to  assure 
continuity  of  GPS  services,  as  defined  in 
the  Federal  Radionavigation  Plan  (FRP), 
for  the  foreseeable  future. 

Acquisition  of  ground-based  GNSS 
augmentation  equipment,  e.g.,  differential 
GNSS  stations,  is  an  important  element  in 
achieving  the  best  possible  GNSS  initial 
operational  capability.    The  use  of  the 
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traditional  U.S.  federal  procurement 
process  does  not  appear  to  be  compatible 
with  achieving  the  earliest  GNSS  initial 
operational  capability.  Alternative 
acquisition  procedures  making  use  of 
lease  arrangements,  private  special 
purpose  systems,  government/industry 
shared  partnerships  and  other  forms  of 
cost  sharing  should  be  embraced  and 
promoted  by  the  FAA. 

Looking  beyond  an  initial  operational 
capability,  GNSS  can  meet  aviation 
navigation  and  surveillance  needs,  on  a 
full-time,  worldwide  basis.  GNSS 
services  must  be  provided  in  a  way  that 
is  internationally  acceptable;  that  can 
integrate  the  various  space,  air,  and 
ground  components  into  a  cohesive 
system  that  is  user-transparent;  that  can 
achieve  an  equitable  mechanism  for 
recovering  costs;  and  that  can  be  held 
accountable  for  the  required  level  of 
service. 

The  Task  Force  examined  a  number 
of  institutional  possibilities  for  providing 
long-term  GNSS    institutional    arrange- 


ments: a  regional  alternative,  a 
consortium  alternative  and  a  national 
alternative.  For  each  alternative,  issues 
of  ownership,  operation  and  control  of 
the  future  GNSS  components  such  as  the 
space  elements,  their  associated  ground 
control  stations  and  the  GNSS 
augmentations  were  examined.  An 
informed  final  decision  and 
recommendation  regarding  the  "best"  far- 
term  institutional  arrangement  for 
providing  the  GNSS  system  cannot  be 
made  until  the  end-state  requirements  are 
further  developed  and  the  long-term 
availability  and  viability  of  certain 
systems  are  known. 

Worldwide  coordination  of  GNSS 
planning  will  rest  with  ICAO.  Insights 
obtained  by  the  FAA  and  others  during 
early  implementation  of  GNSS  will 
provide  information  and  experience  to 
assist  ICAO. 

Appropriate  organizations  should 
begin  now  to  resolve  these  longer-term 
considerations. 


TECHNOLOGY  CONSIDERATIONS 


A  fundamental  conclusion  reached  by 
the  Task  Force  is  that  existing  technology 
can  satisfy  the  requirements  associated 
with  most  operational  applications  thus 
far  identified. 

GNSS  differs  from  traditional 
navigation  systems  —  not  only  with 
respect  to  the  accuracy  of  position  and 
timing  information  and  to  the  worldwide 
coverage  of  the  system  —  but  also  with 
respect  to  the  interrelationship  of  system 


accuracy,  system  integrity  and  the 
availability  of  GNSS  signals.  A 
comprehensive  discussion  of  accuracy, 
integrity  and  availability  and  tiieir 
complex  interactions  is  presented  in 
Appendix  A  of  the  Task  Force  Report. 

In  implementing  GNSS,  all  receivers 
should  incorporate  Receiver  Autonomous 
Integrity  Monitoring  (RAIM)  augmented 
by  altimetry  aiding  as  proposed  in  the 
draft   FAA   Technical   Standard   Order 
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(TSO  C-129).  The  resulting  ability  to 
determine  system  integrity  is  sufficient 
for  all  en  route  and  terminal  navigation 
plus  most  non-precision  landing 
approaches  when  sufficient  satellites  with 
good  geometry  are  in  view. 

Special  Category  I  GNSS  precision 
landing  approaches  should  be 
implemented  in  1993.  This  will  require 
Differential  GNSS  service  in  selected 
areas.  The  existing  terrestrial  data  link 
system  should  initially  be  used  to  satisfy 
the  technical  requirements  of  the 
application. 

GNSS/ADS  should  be  implemented 
to  increase  the  position  and  time  accuracy 
of  the  surveillance  messages.  Oceanic 
use  of  GNSS/ADS  can  be  supported  in 
1993. 

GNSS/ADS  could  also  meet 
operational  requirements  for  surveillance 
in  Terminal  Control  Areas  (TCA)  and  on 
the  surface  of  airports.  In  the  longer 
term,  these  applications  will  require  a 
more  robust  data  link  with  higher 
capacity.  Additional  attention  must  be 
focused  on  defining  and  then  satisfying 
these  data  link  requirements. 

RTCA  should  extend  standard  ADS 
formats,  as  appropriate,  to  support  aircraft 


and  ground  vehicle  applications,  and  the 
FAA  should  complete  additional  GNSS- 
based  airport  surface  and  terminal  area 
surveillance  trials  to  validate  ADS 
position  update  rate  and  data  link 
requirements.  Results  of  these  efforts 
should  then  be  considered  as  part  of  the 
development  of  the  ICAO  "new"  data 
link  and  should  be  included  as  part  of  the 
industry  migration  plan  to  implement  the 
Aeronautical  Telecommunication 
Network  (ATN). 

A  Carrier  Phase  Differential  GPS 
(CPDGPS)  system  should  also  be 
developed  to  support  aircraft  positioning 
requirements  attendant  with  the  most 
demanding  precision  landing  approaches. 

In  related  areas,  the  FAA  should,  as 
a  matter  of  urgency,  immediately  take  all 
necessary  steps  to  protect  the 
internationally  allocated  GNSS  radio 
spectrum  from  interference  and 
implement  use  of  the  ICAO-adopted 
World  Geodetic  System  1984  (WGS-84) 
coordinate  system.  The  FAA  should  also 
initiate  within  ICAO  the  adoption  of 
Universal  Time  Coordinates  (UTC)  as 
distributed  by  GNSS  as  the  prime 
standard  for  time  on  a  global  basis. 


FUTURE  GNSS  IMPROVEMENTS 


Notwithstanding  the  major 
capabilities  made  possible  by  the  GNSS 
initial  operational  capability,  GNSS  can 
be  further  improved  with  added 
development. 


The  FAA  should  prepare  plans  to 
design,  develop  and  demonstrate 
advanced  systems  and  technologies  that 
will  add  to  the  value  and  applications  of 
GNSS  in  the    21st  century.       Special 
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efforts  should  be  made  to  ensure 
adequate  research  and  development 
(R&D)  funding  and  manpower  are 
provided  to  execute  these  plans.  As  a 
minimum,  plans  should  include  initiatives 
to  explore  the  use  of  GNSS-derived 
aircraft  position  information  in  achieving 
an  autonomous  collision  avoidance 
capability,  in  providing  greater  warning 


of  impending  windshear/microburst 
hazards  and  in  exploring  the  possibility 
of  a  GNSS-based  automatic  landing 
capability.  Complementary  efforts  should 
also  be  devoted  to  exploring  the  power  of 
velocity  information  and  the  development 
of  improved  antenna  and  receiver 
technology. 


TASK  FORCE  PRIMARY  RECOMMENDATIONS 


The  Task  Force  concluded 
approximately  nine  months  of 
deliberations  by  identifying  many 
recommended      actions.  Primary 

recommendations  were  sununarized  as 
follows: 

Initial     System     Configuration     and 
Control 

•  The  FAA  should  base  GNSS  initial 
operational  implementation  on  the 
use  of  the  U.S.  Global  Positioning 
System  national  resource  and 
appropriate  augmentations.  The  early 
system  configuration  should  be 
expanded  to  accommodate  the 
Russian  GLONASS  and  other 
satellites  and  augmentations  as  they 
become  available. 

Institutional  arrangements  intended  to 
protect  the  interest  of  civil  users 
similar  to  those  recommended  in  the 
report,  must  be  required  for  other 
satellite  systems  prior  to  their 
inclusion  into  GNSS. 

•  The  FAA  should  take  an  active  role 
in  planning  and  supporting  civil  uses 
of  the  Global  Positioning  System  and 


assure  the  needs  of  civil  aviation  are 
met  during  the  operation  of  the 
system. 


Planning  and  Standards 

•  The  FAA  should  use  the  existing 
infrastructure  to  accelerate  initial 
GNSS  implementation.  Currently 
available  services  should  be  used 
with  as  little  modification  as 
possible. 

•  The  FAA,  in  conjunction  with  other 
civil  aviation  authorities  and  ICAO, 
should  provide  during  1994  a 
coordinated  plan  for  implementing 
GNSS  on  an  international  basis.  This 
action  is  required  to  assure  the 
development  of  interoperable  GNSS 
procedures,  map  standards  and 
equipment  worldwide. 

•  RTCA,  through  which  government 
and  industry  representatives  can 
prepare  consensus  recommendations, 
should  make  available  during  1993 
initial  standards  that  will  be  used  to 
certify  GNSS  equipment  for 
operational  use. 
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Procedures 

•  The  FAA  and  users  should  work  as 
a  true  partnership  as  they  have  often 
done  in  the  past,  to  expedite  the 
development  of  safe  and  beneficial 
procedures. 

•  The  FAA  should  develop  flight 
standards  criteria  and  basic  air  traffic 
procedures  during  1993  to  support 
initial  operational  implementation  by 
some  aircraft  and  some  aircraft 
operators  at  a  limited  number  of 
airports. 

•  The  FAA  needs  to  reach  agreement 
with  the  DoD,  and  possibly  other 
government  and/or  private  sector 
organizations,  regarding  GNSS  signal 
parameters  and  availability  upon 
which  the  certification  and  air  traffic 
procedures  will  be  based. 

•  The  FAA  needs  to  establish 
conditions  and  procedures  for 
Instrument  Flight  Rules  (IFR)  use  of 
GNSS  receivers  not  permanently 
installed  in  aircraft. 

AcquisiHon 

•  The  FAA  and  the  aviation  industry 
should  form  an  early  partnership  to 
obtain,  by  1994,  the  capacity, 
efficiency  and  safety  benefits 
attendant  with  achieving  early 
operational  implementation  of  GNSS. 
In  this  arrangement, 

—  The  FAA  needs  to  rapidly  make 
available  needed  policies  and 
procedures. 


—  Industry  should  take  primary 
responsibility  for  providing  early 
GNSS  ground-based 
augmentation  equipment,  e.g., 
differential  GNSS  stations,  built 
to  FAA  certification  standards, 
which  are  needed  to  provide 
landing  guidance  under  the  more 
demanding  instrument 
meteorological  conditions  and  for 
airport  surface  operations. 

•  GPS  is  quickly  becoming  a  vital 
component  of  the  national 
infrastructure.  The  DoD  and  DOT 
must  jointly  apprise  the  Congress  of 
the  importance  of  the  GPS  service 
and  work  with  Congress  to  assure 
adequate  and  consistent  funding 
continues  to  be  made  available. 

Longer  Term  GNSS  Operation 

•  The  FAA,  in  conjunction  with  other 
civil  aviation  authorities,  ICAO  and 
industry,  should  do  the  planning  in 
1993  to  more  fully  capitalize  on  the 
positioning  and  timing  capability 
inherent  in  GNSS. 

•  Beginning  in  1994,  the  FAA  should 
sponsor  or  support  the  development 
of  concepts,  equipment  or  techniques 
to  achieve  improved  capacity, 
efficiency  and  safety  of  civil  aviation 
operations  using  GNSS  beyond  the 
capability  embodied  in  the  early 
operational  implementation. 

Challenges 

The  new   technologies   of  satellite 
navigation,  satellite  communication,  and 
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the  extraordinary  advances  in 
communication,  computer  and  data 
processing  technologies  challenge  the 
aviation  industry  and  administrations 
around  the  world.  If  the  new 
opportunities  are  to  be  grasped  in  a 
timely  way,  dramatic  changes  in  our 
institutions  and  the  way  they  view  and 
perform  their  jobs  will  be  needed. 

GNSS  offers  a  remarkable 
opportunity  to  create  profound  changes  in 
the  manner  in  which  approach  and 
landing  categories  and  obstacle  clearance 
standards  are  established.  The  Task 
Force  urges  the  FAA  to  exploit  GNSS  by 
establishing  capability-related  minima 
through  use  of  the  Required  Navigation 
Performance  (RNP)  concept. 


While  the  issue  of  achieving  effective 
digital  communications  was  not  fully 
addressed  by  this  Task  Force,  the  need  to 
make  early  decisions  on  digital 
communications  is  clear.  GNSS  data 
applications  are  only  one  part  of  the 
larger  need  for  agreements  and  standards 
for  digital  communications.  While 
several  data  links  may  be  required  and 
justified,  a  framework  is  needed  to  assure 
that  the  plethora  of  applications  can  be 
served  without  unnecessary  duplication. 
The  Task  Force  urges  early  and  intensive 
effort  to  fully  resolve  this  critical  issue  in 
a  timely  manner. 


The  RTCA  Task  Force  Report  on  Global-  Navigation  Satellite  System  (GNSS) 
Transition  and  Implementation  Strategy  provides  a  more  comprehensive  treatment 
of  all  GNSS-issues  and  considerations.  To  obtain  copies  of  the  full  report,  please 
contact  RTCA. 
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